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l. The Chairman called for. ‘corrections or Ra attce eo ; x 
Hieing amt Proce shines of the. A } pean e There were 
no corrections. ; , ; atid 


2. Dr. Marquis described the present administrative spp tee 
Fion of the. Committee. . It.was,explained that a contract 
has been placed between the University of Michigan and the 
Wavy Department, Office of Research end Inventions, for the 
Goma hige to continue its funptionte 


Se Lte Gomdr. Cook presented a paper entitled, “Comparative Study 
Of Several We aGures.of View Acuity" ms coc tt Tt 8 


4. Lite Comdr. Sulzman presented a paper entitled, “Comparative 7 
Study of Measures of Phoria".-.-.- - et 21du li “fu “Or * =39 


“6. Dre Derrick Vail, Chairman, sete for the Subcomnittes on 
Frogsdiame ‘end Standards. for. Visual. Examination; 


The nenual, “nesting Heterophoria", prepared by the ‘Sub 
comnittee has been submitted to field testing centers for 
critical comment. Comment, received. from eye=testing . 
, . . ..¢enters in the army and Navy revealed general enthusiasm . 
for the Manual. After discussion id the Committee, the 
. following motion, wes passed; pee re 


VOTED: . (ay ‘Thet the manual, of instructions, ia ae 5g ara : 
sa prepared by the Subcommittee on Procedures and Standards for — 
Visual Examination, be accepted with the following amendment: 


That the adjustment of the prisms in phoria measurement be . 
., made by the examiner instead of the araions, fi) 


a (2) That the amended manual of instructions. Wes te Hote 
: ., »9rophoria". be. forwarded. to the appropriate offices of the ’ 
“Army and Navy with the recommendation that it be adopted for 
use by the armed services, Pegg vee as it —— the con- 


.y oensus, on heterophoria. Rigs present knowledge 

.obp Should subsequent. tnveattgath ska gor better: methods. of 

fat. ~~ testing, suggested ear pg the menue. will, be forwarded. 
kN neh age gh ip Jigen Rae Me Tages Gig SE 
__ The, Sub somber il, 


ete to OMe th aan ies the ppt ee a of the ‘Adjutant 
General, U. S. Army, concerning an experimental program on 
! ‘aouity test charts, ,,. program, to be. described by ; 


" ebad n Taylor, dat tha abigatad dargely. through. the. — 
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6. ie Comds. Farnsworth presented a brief statement of the pure. 
‘pose and results of the work of Dr. Franklyn D. Burger, who 
was unable to attend the meeting. A’ summary of the scheduled 
report, entitled "A Study of Acuity in the Mesopic Brightness 
Range in Relation to Refractive Error” is included inthe ~ 
PrODSEELDNS GrlssaFulainke “scoseiy ed bosivoeos eiubamt ad 8 
To Ca ae Taylor resented a 
Pp Grit Seno oy ort, he Eiick We ccti> aie ee 
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COMPARATIVE STUDY OF SEVERAL MEASURES OF VISUAL ACUITY 
Ellsworth B. Cook, Lt. Comdr., USNR 


Introductions 


This paper is a brief resume of the work described in 
detail in Progress Report No. 2, entitled, "Visual Acui ty 
Measurements With Three Commercial Screening Devices"; These 
experiments were performed during November and December a5 » 
under BuMed Research Division Project No. X93 (Av-263-P 
entitled, "Comparison of Various Screening Devices with 
Standard "Medical Procedure". Progress Report No. 2.18 limite 
ed to a consideration of Visual Acuity; heterophoria is 
treated in Progress Report No. 3 and the results will be 
discussed later by Dr. Sulzman. 


This project is an investigation of the validity and : 
reliability of three instruments developed by different optical 
companies to measure daylight acuities and heterophorias; 


A. Keystone Ophthalmic Telebinocular. 
Be Bausch and Lomb Ortho-Rater. 
Co American Optical Sight Screener. 


Prom information at hand it appears that no preeenties 
standards exist for the measurement of visual acuities. In 
the typical procedure of the U. S. Navy, the examiner called 
upon the subject to read letters on charts placed twenty feet 

away. If the subject's vision was so defective that he was 
uneble to read any of the lettered lines established as 
appropriate for the twenty foot distance, he was instructed 
to step forward to the eighteen foot mark and to attempt 
again to read the test lines. This process was repeated, if 
necessary, by moving successively closer until a distance 
was reached at which he could read the lines satisfactorily. 
All too frequently the examiner had no criterion of what con- 
stituted a satisfactory reading. ‘It is not surprising that 
the scores ususlly obtained from such a procedure have been 
shorn to be unreliable; an acuity measurement by one examiner 
cannot be used to predict accurately the measurement by 
another. However, en examination of ‘the problem indicated 
that much of the unreliability could be eliminated if certain — 
inoiudes obvious factors wore controlled. These factors 

i) sate: “gehen aan 3 


north) ers Bed: a sls't fein éf the ‘wb ject. 
Testing procedure. 
oe ) hoatstaxk et illumination: 

) Test-tarcet selection. 


“Tt was. Hote ts Progress Report Noe 1: Rees asateel of 
tor, for ae bet produced an immediate improve- 

ment in the reliability. Before any attempt was made to 

aon the. ae eee onde tan 5 the eubject, many feiled 
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their visual acuity tests. These failures did not reflect 
permenent visual deficiencies; instead they were transient 
effects resulting from long periods of travel, lack of sieep, 
or overindulgence) in alcohol, the-.effeets of which di gsappeared 
after adequate rest. The simple expedient of, restricting » «+. 
theoliberty ofall» subjects to the immediate vicinity.for... a» 
twenty-four hours: prior to 6 xamination»promptly. reduced, qx 
significantly theproportion» failing ivisval testse) In this, 
experiment brief health histories! were’ taken in.order to ine. . 
sure no one was subject to-obvious trensient. Gsaebsda thers my 


The testing procedure was a encond factor whieh donperste- 
ly required standardization. Various examiners. developed... 
their own testing technique, thus throwing an obvious factor 
of inconsistency into visual measurements... Moreover ,. men 
with motives for passing ormfailing visual.tests knew tricks. 
which gained the desired objective..:' Such obyious cheating..... 
devices as chart memorization, peeking through fingers, 
squinting with the eyelids, deliberate,miscelling. of letters, 
etc., have been observed... in) order: to;render, examinations 
at one activity comparable with exeminations ot. others the 
Visual Stendards Committee of the Army-Navy-OSRD Vision 
Committee recently compiled a “Menuel for.,.Testing, Visual 
Acuity". in which the test procedure, wes, standardized..All ... 
test operators) in this experiment were; supervised carefully... 
to se ‘oertala that the: prescribed procedures were Fed 1g8P 420g 


The. test-target ‘Liuminetion is nother factor having 

a definite effect on the. test score. tina roe Seep ety bua 
readily. that, within Limite, ¥ the, il nation is increas 
the better will be the test, score for ame mane. Although th 8 
is an.every-day fact. known to. everyone who hasn't been blin 
since birth, measurements st various mil a net stations hue °° 
revealed conditions of pesos eset: We visual test charts ~~ 
varying from .3..to 400 foot. candles. 8 serious incon= 
sistency. has been considered by the. va Aa Standards Sub- 
Committee of the .Army-Navy=OSRD Vision Committee, and now wife 
specific brightness values are. TIA or the test. chart. 
and »for .the. test room. © ae d itvlumination ‘WAS aii 
used in this program. ed bivoo xi aifeans ent Io dos jade 


exo oa @eciT Heliortanos exe: 

At the present time no 2. Bika $8883" stan dard teat’ pe 
target exists. The Snellen stone made Pg comme reial Prsiey g 
are notoriously poor; for, oe eee ess 

t ; 


line differ by as much as Dag 


Furthermore, except by soled ay | | 

reason that Snellen letters should. edna dered the most 
desirable test object. Soveved Fe) venetian “ean be. ‘appealed 

to in the absence.of any eet a pican! “te of j Soh 
So, conventional letter reading tests - 5 a roi tre 

as the standard against w mathe Box! f thes rarious 
screening devices were to ponpazed «rahe Len . ie 
were to be the standard oe t- an “analyst 

data made it obvious that, because of wide variations in rele 
ative difficulties of letters, the Snellen Chart must be 


ll. 


modified. The data for difficulty of the letters on the 
modified chart (New London Chart) were more evenly distributed. 
The Chart is described in a later section. Statistical 
analysis of the data in this paper suggests there is room for 
improving the reliability further, but at any rate, the re- 
liability of the New London Chart exceeds that obtained for 

the commercial Snellen Chart, 


An adequate index of ability to see objects at any given 
distance should be a composite of several measures: measures 
of how well an.individual resolves bright objects on dark 
backgrounds, objects with vague outlines, objects with strong 
light contrasts, objects with weak contrasts, objects made in 

various forms, colored objects, etc. Unfortunately, it is 
not feasible to develop such a composite index at this time, 
Instead it was agreed that for this study certain limitations 
to the index must be imposed; certain parameters that are crucial 
to the measures must be fixed arbitrarily. As a guide in 
selecting the variables to be MNxed, it was determined that 
the indices should be in close conformity with what has been 
traditional in standard medical practice for measuring visual 
resolving power. Furthermore, the factors to be fixed should 
conform to specifications laid down by the Subcommittee on 
Standards of the Army-Navy=OSRD Vision Committee. Thus it 
was agreed that the objects would be exposed on a white screen 
with a brightness of 15 foot candies, the edges of the objects 
should be very sharply delineated, the distance from which 
far acuity should be measured would be 20 feet, and from which 
near aouity be measured would be 1l) inches. The objects them- 
selves should be black alphabetical characters constructed 
according to Snellen's specifications. 


The index of resolving power for far objects is quite 
consistent. The correspondence between scores obtained on 
the first test and a second test is reflected in the product- 
moment correlation coefficient of 0.88. The index for resolv- 
ing power for near objects is not as reliable; test-retest 
data show a product moment coefficient of 0.75. In order 
to enhance the reliability of the far and near indices further, 
the everage of the test and retest scores was used. The cal- 
culated reliability of the average far score is approximately — 
sis and of the mean near score is 0.86. 


‘The correlation between far and near indices was 0.65. 
In view of the reliabilities it is certain that different 
factors are inyolved in the two measures. 


A visual measurement of increasing importance is near 
acuity. This index has been almost entirely disregarded by 
the Services to date, even though it is an established fact 
that a measure of an individual's far acuity is at best a 
poor indication of his ability to see satisfactorily at 
close hand. In other words, a man whose vision permits him 
to serve successfully as a horizon lookout may be inefficient 
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at reading dials, oscilloscopes, etc., a few feet away. Con- 
sequently, it is of extreme importance that men chosen for 
various near-vision operations be carefully selected on the 
basis of their near-vision measurements, and not be assigned 
such duties on. the basis of far-vision examinations as is 

the current practice. 


The heterogeneity in visual ability of the population 
on which the findings in this study were developed is probably 
comparable to that of a population that might be exemined by 
ea national military selective service. The population was | 
comprised of Navy Personnel (enlisted men, Viaves, and chief 
petty officers), male and female civil service workers, 
male high school seniors. Of course, had the population 
been more heterogeneous the validity and reliability co- 
efficients throughout the study would be increased corres- 
pondingly. The significant point is that ths study was con- 
ducted on a group that is fairly representative of the popu- 
lation in which military medicine is interested. The devices 
under study are evaluated for use in military practice. To 
the extent that the persons on whom the statistics are based 
ia a representative sample of the group on which the devices 
might be used,.the statistical reports of validities and 
reliabilities are valid for the purposes of the investigation, 
On the other hand, the problem of comparative function of the 
three instruments is not sc dependent upon the natureof the 
population;. comparative data might indicate which were the 
most satisfactory devices even if the groups were not at all 
representative. However, since one of the objectives of this 
investigation must be to establish some notion of score dis-= 
Le are and standards, thé problem of range of ability is 


Because of the heavy loading of the sample with young 
men chosen for a particular branch of the military service, 
the sample is probably more, homogeneous than ophthalmologists 
may expect toencomter in civilian practice. Thus it is 
probable that the reliability and validity data can be 
. increased for ta Pe to civilian ophthalmological practice. 

In other words. findings reported herein may be considered 
very er eaxeatteg t for. Peete fd Sah PEN a Ce 
purposes. 


A total of 128 B shaer are were measured in a test-retest 
situation. fre total , WOB be PIP OF of, the following groups: 


Group s-inttbarcsh tn vs "Tuner 
fat USN “Enli sted Men pei; Br 
(2) USN Chief Petty Officers hie a . ‘ 
(B} USN. sted Waves ... .. bie" ae a . 
(.) Civil Service Workers _ aed Pagepiaip sate 
Male and Female eS ee a 
(5) High School Students = jak tia 


l2th grade - Male ; ae 
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The distributions of far acuity scores for the component 
groups of this population are presented in Table I. 


Procedure: 


The visual tests were conducted in various screened com- 
partments of a large well-lighted and well-ventilated room. 
Reading material was provided for the subjects awaiting tests 
and an atmosphere of quietness prevailed. Subjects were 
permitted to smoke, read and converse in low tones between 
tests. No one was informed of his score, and all were assured 
that the results would have no bearing on subsequent service 
or duty status. Intervals between tests were spaced in an 
effort to reduce to a minimum any effects due to fatigue 
factors. Very few subjects complained of any ocular dis-= 
comfort during or following the day of examination. 


The observers were tested in groups of eight and the 
experimental procedure permitted two such groups to be tested 
each morning and retested the afternoon of the same day. The 
order of tests was completely randomized from person to person 
by the Iatin Square technique. The retest order for each sub- 
ject duplicated the test procedure. 


For the first fifteen minutes the subjects composing a 
test group gathered in the testing room. Hach testee was 
given a brief questionnaire conoerning his general health 
for that day. Aside from the routine information of name, 
rate, age, etc., they were asked to record any recent illnesses 
or visual difficulties felt at that time. Since it was ime 
possible to control the activities of the subjects on the day 
prior to testing, statements as to the amount of sleep, and 
alcohol ingestion were obtained. On the basis of these records 
it was possible to eliminate any subject from the test situa- 
tion if such admitted. conditions as hangovers, eye infections, 
stomach upset, etc., warranted it. With the questionnaire 
as a guide it was not found necessary to eliminate any subject. 
After the gquwstionnaire had been completed, a small typewritten 
card was given to each person. This card showed his name, 
serial designation, and the test sequence which he was to 
follow. Each of the eight tests was assigned a letter 
designation from A. through H. as follows: 


eer ee e = = = 20! test 

-~-— = w= w= = = » «= Maddox Rod 

i - Ortho-Rater No. 1 

~ - Ortho-Rater No. 2 

« = Telebinocular 

- «- Sight Screener 

- ~ I.P.D. 

- - Near Acuity-New London 
Test 
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Table I 
Group va. New London Far Average Acuity Test 
Each eye is considered a single datum. The 


numbers on the ordinate are in decimal equiv- 
alents of Snellen fractions times a factor of 
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Each test compartment was clearly marked with its letter 
designation to facilitate the routing of each subject. Since 
the test procedure was designed to handle eight subjects at 
a time the randomization series was set up in 8 x 8 blocks: 
rotating subjects against test. Thus it was necessary to 
prepare sixteen such blocks to provide for the 128 subjects 
used. Each of the blocks was assigned a letter designation 
from A. through P. and each subject was in turn given a 
numerical assignment from one through eight. Hence a man 
designated as j-D could be located as the fourth subject in 
block D, and the block letter in turn eet show the test 
sequence he followed. 


Prior to the test a short talk was given to each group 
explaining briefly the purpose of the experiment, the test 
procedure and the importance of adhering rigidly to the test 
sequence assigned to sach individual. As an added precaution 
each examiner checked off the subject's sequence card the 
letter representing hie test upon its completion. In this way 
it..was possible to maintain the proper testing sequence. 

When a subject had completed all of his teste this card’ was 
collected and checked against the data sheets°as an additional 
safeguard. The same test sequence was foltowed” for each man 
in the retest. 


In order.to present the Satis and New tenidon letters 
always at the same position a special drum was Gonstructed. 
It consisted of a wooden cylinder three feet in diameter and- 
28 inches long. Wooden slate were nailed around the outer 
circumference of the drum and so spaced that og would be 
possible to present each test line singly.” of the various 
lines for each of the two test charts used {Sned1éA and New 
Iondon) were.tacked side by side to a single strip. By 
rotation of the drum any individual line could be viewed 
through a reotengular aperture cut in a lerge plywood penel 
loeated directly in front of the drum. “Two such adjacent — 
apertures permitted either one or both of the lines on a — 
oa strip to be presented. The centera of the apertures 
2 inc 8s from. the deck, The left hand aperture was 

de by twenty inches long and: the B ee 
ng five inches wide by twelve’ inches long. 
r either aperture could be Gropped into © 
. git a pt test charts ‘singly if’ s0' de- 
28 ) always’ Sep three the right 


SS es 


h ‘the’ ieft. Both 


ar Sic ESR 8 wait one — ‘of a. visued 
ses with the the: spec ficdvions outlinéd by’ 
ttee' of ‘the ‘Arimy~Navy=OSRD Vision 
: “testing rooms, “A grey fabric with a» 
Ma ty eit osainetely’ 50% was hung from the ceil- 
to enclose the range. Lights were installed overhead, 
; shielded from the observer to supply the sven {1lumination 
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specifisd., The brightness of the test target wae spore sunny 

15 foot candles, and ‘the walls of Sea! eoRee, were eae ae 

11 foot sandlese | s edootdue xf sh esi 
The ; ‘commercial Snellen. wong, were ote, Hote 4 to” the. rr 

jects as deseribed, before... The subject was. peat on, hh a te 

tance of 20 feet from, the test objective, “With | , 

seated to one side,and slightly behind. An oce ld was ‘need 

for testing .each..exe separately. . The test, order Ay all wands 

for this test was right eye, left oye, end both eyes. & 

stendard method of test administration was deverdp a been 

provided .for .starting with,the second largest "8 el 

O.2 line} and reading ¢ach. pUceenas PEAY, utters rh: 

two errors .were,made in. single line. - The. acore 

be the line image ely rpreasceng 38 the one in w sie hg 


the 1.0. Line without | an. error, made one at es fa 7 
followed. ody. TWO » OBR ORE c in. the.2. 0. sage 3 » nha, Beore ; he e 


the letters in the first line present ae ax, (tide fc 
was shownse, If;he.was unable to neme.t eee ecore of, |. 
gero was assigned. All measurements for the Snel arts. 


were seater ce a distance of 20 feet. 


“The, cane matnek was. used ter _nreaenting the. ‘saw tent, ele 
Charts ox etanma !h tk riod a Ps 5 shoaow a to Aint sts 4 


One. ‘of ‘the Telebinogular near, 38 fg ge tests. & Hes ts, “64 + 
a series of) brendao twpy mall cir Les. arrenged abdouk : 


te 
cumference of teae Teese role. ese. smal oirs 42 rere oof nia 


three types. three types. were lines , sek Bc pci 
grey. Eack. of. these. Sizolee was sonaect : ea : Faagac 
1-22; and, they.-became., anexegs ingly. m “sitttenieye numbers 
increased.») The. observers task in. oitbR ss 5 pave 
which of the, th ete ehot oe, { a Peso. dat Bas : bed” 
each, smadl,oir O-. Moy eod eee Ge arc 


SE eats 
OSU4Ng @ 98 

eyo. Thirteen, 
for 8 CONLNB >. 


this experimer BE 
pte ee. 
report on each:orf; tk 


13.6 foweves. i order . pr RRROG 
psychophysi cal method reasona 


me thod: wes! used: at PF: aS ae OR p 

the isiide!:sholder son: wa trunente:W | 

odin ta dtualy palettes ant erew afigil , Oastnt ert? eactone od 
Tanimull? mewe edt ¢elaquwe of Tevre8do ei? mort beble trie ee 


19, 
Results: 


; The results are best presented in tabulated form as showm 
in Tables II*VII. They are grouped in this section for con- 
venience in referring to them. 


In the main report the results are discussed in detail 
but in the present paper this section is limited to a tabu- 
lar presentation of the data. 
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TABLE IT 


Test-Retest means, standard deviations and reliability coeffi- 


cients for monocular acuity tests. 


Test Retest 

TEST MEAN S.D, MEAN S.D. R 
New LondoneFar - 9.95 3.868 10.00 3.945 02877 
New London-Near 7.47 26552 Telf7 2.613 0075k 
Sight Screener-Far | $$$-10.l2 43.400 10.66 43.390 08h) 
Sight Screoner-Near 10-28 3.019 10.55 432266 0.765 
Telebinoculer-Far 10.42 3.67) O47 3.845 0.813 

Telebinocular-Near : | 
(Circles) 8.69 2.109 9.16 2.115 0.708 


Ortho-Reter No. 1-Far 10-5) 2795 10-81 2.459 0.850 
Ortho-Rater No. l-Near 10.3) 2.303 10.66 2.21) 0.88 
itto-Rater No. 2~Far 10.52 2.536 10.78 2.540 0.817 
. Snellen-Far 11079 e375 12.01 hehha 0.797 


The mean values are acuity scores in decimal equivalente 
times a factor of 10. WN = 256; each eye considered a single 


- datum. 
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TABLE III 


Test-Retest means, standard deviations and reliability cooeffi- 


cients for binocular acuity tests. 


TEST RETEST 
TEST WEAN S.D. WEAN” S.D. R 
New London+Far ll. 85 3 © 520 12. 3h he 107 0. 82h 
New London-Near 9.7) 2.645 9.79 2.872 0.666 
Sight Screener-Far 11.59 3.37% 11.62 43.223 0.698 
Sight Screener-Near 11.68 2.987 11.70 4.092 0.703 
- Telebinocular-Near : 
(Snelien) 15.03 5.119 15-45 5.127 0.650 
Telebinocular-Near 
(Circles) 9-35 1.839 9.76 1.780 0.720 
Snellen-Far 12.99 3.954 13.25 e165 0.806 


Ortho-Rater No. 1 Far 10.76 2.232 10.97 2.271 0.879 
Ortho-Rater No. 1 Neer 10.3) 2.059 10.76 1.967 0.836 


The mean values are acuity scores in decimal equivalents 


times a factor of 10. N= 128, 
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TABLE IV 


Validity coefficient (Ry), and standard error 
of estimate of New London for average score 


for Monocular far acuity tests. N = 256, 


TEST R Standard error Percentage Pree 

| 7 of Estimate diction Efficiency 
Sight Screener-Far 0.743 2.548 ° 33 ol 
Telebinocular-Far 0.585 3.088 18.9 
Ortho-Rater No. l-Far 0.721 2.638 | “50.7 
Ortho-Rater No, 2-Far 0.721 . 2.638 3007 
Snellen-Far 0.825 2.152 | 43 05 


The Stendard Deviation for the New London Far Average 
Test is 3.807. 
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TABLE V. 
Validity coefficient (R,), and standard error 


of estimate of New London Far Average Score 


for binocular far acuity tests. N = 128. 


TEST R, Standard Error Percentage Predic- 
of Estimate tion Efficiency 
Sight Screener-Far = 0.709 2-65, 29.5 
Ortho-Rater No. 1 = Fer 0.79kh 2.288 39.2 


-Snellen-Far 0.772 24392 36 oh 


The Standard Deviation for the New London Far Average 
Test is 3-76). 
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TABLE VI 


Validity coefficient (Ry), and standard error of 
estimate for New London Near Average Score for 


monocular near acuity 


N= 256. 
TEST R Standard Error Percentage Fre- 
of Estimate diction Efficiency 
Sight Screener-Near | 00713 1.677 29 29 
Telebinocular=-Near 
(Circles) 0.552 1.99) 16.6 
Ortho=-Rater No. l-Near 0.746 1.592 33 ohh 


The Standard Deviation for the New London Near Average 
Test is 2.491. 
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TABLE VII. 


Validity coefficient (R,), and standard error of 
estimate for New London Near Average Score for 


binocular near acuity, 


N = 128 
TEST R, Standard Error Percentage Pree 
of Estimate diction Efficiensy 
Sight Screener-Near 04649. 2985e0 23.1 
Telebinocular-Near 0.553 2.097 16.7 
Telebinocular-Near 
(Circles) 0-586 2.0358 19.0 
Ortho-Rater No. l-Near 0.700 1.797 28.6 


The Standard Deviation for the New London Near Average 
Test ia 2.516. 
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Discussion: 


aaa tle Test. 


The mean test-retest score for the right and left eye 
acuities lies intermediate between the 1.0 end 1.3 lines on 
the Snellen Chart, the very point where there is a gap in 
score range was the most common acuity level for this group. 
To some extent the inherent insensitivity of the test may be 
responsible for this result. The distribution of scores for 
other tests in this experiment indicate such ‘to be the case. 
In. other words, if an intermediate step were to be included 
between 1.0 and 1.4, @ more exact measure might be obtained 
on a large part of the population. However, the problem of 
accurate visual acuity measurements cannot be adequately 
answered until many more facts have been assembled. 


Rew London fest 


The pola'tivery tiem peat of scores over the score 
range of the New London Test is contrasted with thet for the 
commercial Snellen Chart. The latter type of distribution 
probably is an artefact of the difficulty levels; and, in 
addition, it seems that it is a fairly reliable test as deter= 
mined from its (r)} values of 0.88 and 0.82 for single and 
binocular aculties respectively. ‘The mean single eye scores 
for test-reteat of 1.00 are slightly lower than the scores 
reported for the Snellen Chart. However, the’ differences could 
be due to a number of factors. The lines of the New London 
Chart @re composed of equated characters, and the everage 
difficulty in ‘the ‘several lines may vary “from the correspond- 
ing lines on the commercial charts, Moreover, two extra 
lines have been incorporated in the range between 1.0 and 1.5, 
so that many persons who would otherwise ‘be scored 1,0 may 
make higher scores even if wablé to make 1.5. There is reason 
to believe that morework on reletive difficulties of test 
characters, combined with minor changes in letter design, 
would render the New London Test still more reliable. As it 
now stande, it yields more consistent results than any of the 
. other acuity tests in this study; but there is tii) room for 
major improvement. 


“the test-retest peliability coefficient for morlocular 


and wa fon thea ni Ligeti are much lower than those ob- 
jained res g far xouities, One possible 
z trie i sed Feltability is that the photo- 
ite reduati< Rates for this test were not exact. 
‘8. ites tee ree the reproductions of the smallest 
letters Bees 8 of. a Pa peaks letters were 
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: The mean test-retest scores for both monoculer,and, binocular 
aouity are lower than the corresponding far acuity scores. 
Several hypotheses might be advanced. to. account, for, this 
phenomenon of apparent increase in difficulty... The agresre nto; 
between mean test and retest scores is excellent, so, the 
learning factor, during the first test.is ne BIA S1DLO « 


However, despite its deficiencies 5 the New London. Near. 
Acuity Test was accepted as the best available, and it. was.. 
assumed as the standard near test... All. other near. acquity 
measurements were compared with it. as, the. validity, standard. 


Ortho»-Rater,. . 


The reliability values shown in the tables above are in 
full accord with those reported in Progress Report, No. le 
This instrument possesses an acuity test with a reliability 
which, in the light of reliabilities of aaa? tale marr 
is considered reasonably adequate. | 


—“qwo Ortho-Rakess wel th. best: slides carefully matched ter xt 
density value were veed. . This was done inorder. to compare, » 
the performance. of two separate instruments. in. a situation 
where observer differences end test-retest. differences aot act A 
be considered eliminated, and, evidently, when. those differ- _ 
_ enoes can be eliminated, “there are no instrument, differences. 
At least almost identical reliebilities, validities, means . . 
and variebilities were obtained for the, two, eo it.is reason-.. 
able to assume that ree sea dustrument differences for @ sas +) 
geen population must, be based on differences in test targe tae: 


The reliability. coefficients for both monoguilar and bine : 
ooulear date ere in close, agreement..with the corresponding | 
values obtained for the far.acuities.. The,mean. test-retest. | 
scores are practically identical for both monocular and bine. 
ocular acuities. ..The mean test scores are also, very, close to. | 
the corresponding : PARAS for, de far, testBenrory 4) 
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greater than that obtained for the Ortho-Rater while the con= 
verse reduction is probably attributable to the lower relia- 
bility of the ‘Sight Soreener binocular measure. 


The alight differences are not large enough, however, to 
og “greater validity to either instrument. Just as with 

rtho-Rater, the score on the criterion New London Test 
ann be predicted with approximately 30% greater accuracy from 

a Sight Screener reading than by chance. No differences 

between these instruments in respect to ease of administration, 
scoring, etc., are reported by operatore: who have used both, 
and both instruments possess minor mechanical difficulties 
which slight modifications in design would eliminate readily. 


The reliability coefficients for the monocular near acuity 
data is somewhat lower than the corresponding figures for 
far aouity: Tneidentally, the difference: tlosely approximates 
that fotind fdr the’ Ortho«Rater., However; ° there was no sig- 
nificant differéncee in reliabilities. for the binocular near 
and far data. 


The valtaity ate for the bab bGnr- hed surenehta are 
elt, tly lower than those obtained. for the far test. A 
similar decrease is noted also in the binocular data.» How- 
éver, the values obtained indicate that a reasonable validity 
exists, and, as pointed out with the other tests, the lower 
peliability. ih the near criterion itself must: lead one to 
expect lower validity coefficients. Coefficients in this paper 
are not corrected for imperfect reliability. 


Tele binocular. ‘ 


The test-retest relisbility of the patho eye for 
ocular distance acuity was found to be’ of the same order 
or the other’ two screening devices, ‘the actual coef= 
£16 ent being’ only slightly less than peat obtained oe the 
Ortho-Rater bap nar Sight ois et 
oe ahi & nix t | As te 
me reliability coefficients suivatned ‘for the near "circle" 
test were somewhat lower than the monoculer scores yielded by 
either of the other instruments. However, this particular 
; 4s a hew development and with more work nay show satis- 
ae reliabisity. ©The ‘test-retest consistency, of bin= 
near Gata’ for’ ‘the “sir cles” test is probably greater 
then that for, the Snelien type teat ap Seger nlp esha 
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1X pertidy ehiat ion ‘for “thie “Towed peliebi li ty lies in 
in “opti val “imperfections “in the current 
fas : ie fas waeeere that an “iupr instrument will be 
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Results are presented on comparative efficiencies of 
three instruments: (Keystone Telebinoculer, Bausch,and .Lomb 
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the three er. 
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The? pe bivtuni-¢> tty reliability. pr anne of. Sat Pee ee w 
determined by computing: theetonsistency! of; measurement. ; cn 
obser vers°owere examined: twice: and the: reliebility,.was; calc 
by analyeing the data on fire t) end second, oxapinetions. > tree “a “ve 

So BY i Sta 

Of the three instruments, the Keystone Telebinoculer 
proved inferior in both; validity and reliability, aga ,Oetho= 
Rater and the: Sight) Sereener.« No: choice, between o other. intfe 
nga hes veeconptoe ee. ae the: loptaian of ote speaker.» ve 100 fal bev fe 

fl nites dc seul s 

“dm bvedy <ahbatiodai ite reliability. of. AB ‘of ac ity... 
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Evidence is presented showing thet. “ieleetton: of. ‘personnel 
for near-point operations should be based on. near, aoul ty.» 
moasures ha wag on far aout Sy, a eon ae a Rep ane e 
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the. reliability of measurement. with:.o! ins struments, 
(following procedures’ :preseribed by -the;menufac ty ifs +146? es 


test may be modified by simple chenges in test procedure. 
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Lt. Comdr. Farnsworth replied that hig Be a on pes ee was 
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under discussion would be more re seliesie usua o¢ 
of visual Pa tere! testing. 
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Dr. Scobee questioned the use of the New Iondon letter chart 
as a “yardstick”: for the instrument tests. 


Lt. Comdr. Farnsworth desoribed in some detail the precautions 
Which had been taken with the New London letter chart and 
reported that the reliability of the test was 0.9). He expressed 
the opinion that the New London chart was as reliable as any =. 
test of visual acuity could be and that the urrelieblility | 
remaining in performance is due to basic physiological veenee 
tion in the visual acuity function. 


Dr. H cautioned that the high retest correlations for the 
Tariotee ests of visual acuity should not be construed as. 
reliability: measures to be Expected in retests in the field. 


Lt. Ross die adidted Lt. Comdr. Cook's edneluston thet the 
Keystone Telebinoctlar Test was less desirable than the other 
inatruments since @ casual examination of the data seemed to 
indicate comparable results for all the instrument tests. 


Lt. Comdr. Cook pointed out that certain undesirable factors 
n che Key stone Telebinocular performance did not appear in 
the correlation data. We emphasiged that bed lumpings of 
test scores exist at severai points in the test scale, 


Lt. Gomdr. Farnsworth added the opinion that the Keystone 
Instrument was in extremely poor adjustment and that numerous 
changes had to be penn before reliable measurements could be 
made. In comparing the Keystone Télebinocular with the Ortho» 
Rater or the Sight Screener, he emphasized that the latter two 
instruments could not be used improperly, whereas the Telebin- 
oculat demanded great care in administration of the test. 


; 

| 

| HSDEL pointed out that the results reported were representa~- 
ee ot Pict ot performance of the Keystone Telebinocular, but 

rather of performance of a new improved test. 


oe Berens discussed the differences in illumination in the 
@st fields of the various instruments. Differences exist 

for the same instrument with different test objects. This 
variability was considered a source of undesirable variability 
in visual acuity measurements. 


Prititee= ham asked whether an estimate could be made of the re~ 
ab y Titty of the vérious visual acuity tests for the general 
population. 


Lt. Comdr. Cook stated that whereas no experimental evidence 

was available, {t seemed likely that higher reliability would 

be obtained with the general population than with the selected 

group used in the New London tests. Lt. Comdr. Cook reported 
that 50% of his group of high school students had visual 

| ea Fe of 20/20. 
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that the ‘scatter diagrams did not. indicate equi Eabent SoS bit on 

for all scores. A further investigation of the na 

scatter diagrams.in tests of) visual; acuity might | "be important 

if visual: tests. were: nahoun to.be, tlidoindiens ont geuecess tn v5 

bechars ne cargtophn Mh “i 10 Ole aa tas igieso @ @eomle e3 Bheidiageh ey 
.8 tee: Penney sta att acid {is xOt 2 i irees sfdersamoc et solr 


ei.ceiteehbar atsinzes .: LOM 
at taeqqe tom BED eonmamro ted nel soe at¢eLeT @novevet. os 
40 @udigqaul bed tedy Beeisadqme eW .ateb notsalarzos 
face tees oxi egutoq iatevea ta dgeixe setoos Jeei 


wa 
re 
& 
m 
Poe 
eS 


uO Sedmlog AOoD 


snogaye’d edd gadd mofniqo .edt bebbsa djaowsrned . bm) 
ayotemunm Jacks bas tre a IoCog perio pe mL baw jaoarscat 
6c Divoo ainsmewssem eideatles suc eham ed of bad esoxznada 


kw aslryoonideleT enotay ot ‘ext aitizegmoo al .eban 

ows gecdcal edd tadd. beskeasiqne of ,seneete® tdgte edt to tetek 
if asorenw ,yfueqotamt besy ed gon blyuoo etnmesmrartent 
* Io aolveetotube of etso dsexg hehasmed gaLlisoo - 


“AIMVESTGOL exow Hestoges siiveer edd dsdd duo betatog vine he ss 
dud. ~relvoontdele! enodeyed edd to eonemrctieq to tom eves 
teed hevougmt wen 8 to eomsarrotreg ‘ic serntar 


ody ak aolvsnimseliz nk eeonetettib edt beaswostb anexeh .90 
tekxe soomereztid .atnemusttent avetray ed¢@ to eblett tees 
aidl ..etgefdo tees Ineselttlb détw tnemurdent emer edt rot 
esliicsiaqey eidartteehay Yo eoty0a 8 Seveblesoo saw yi iitdsiney 
BS comet HE sem Yiros Lavaly at 


“87 eft Yo ebam od blyoo edantiae os teddedtw berlen. madd ee 
fatenes ods tol eteed yt roa Laveltv evotuay edd to ¥ aieth 
eto ldalugqog 


eonehive Lagnemiaegxe om easetedw iad¢ besate dood -sebwgeo ot 
Sivow ytilidstier tedgid ¢add yLedif bemeos Ts ; olds) fava a 
Hetoe lee ett ditw gadd motislvqog Laxeneg oft dikw bentesdo ed 
hettoqer Hood .shmod »t2. .eteced nobacl wek edd at bear Te eaae 
Sauaitey Bed ataebiute Loorioe Agi to quotg eld to ® 
20S\0S %o en | 


‘COMPARATIVE STUDY OF MEASURES OF 
HETERO PHORTA 


Lt. Comdr,. John H. Sulgman, (MC), USNR 
Medical Research Department 
U. S. Submarine Bese 
New London, Connecticut 


COMPARATIVE STUDY OF MBASURES OF HETEROPHORIA 
John H,. Suleman, Lt. Comdr., (MC) USNR 


General Introduction 
2. 


Lt. Comdr. Cook has described the general procedures for 
the battery of teste used in the present experiment. The 
procedure which was employed in the clinical measure of phoria 
described in the second portion of this report is that resome 
mended in the "Manual of Instructions for Testing Hetero=- 
phoria™ (1). This manual, developed by the Subcommittee on 
Procedures and Standards for Visual Examinations, is inoluded 
in the Minutes of. this Mesting. 


Some of the references published between 1939 and 1 ares 
will be found in the "Bibliography of Visual Literature" (2) 
compiled with the assistance. of members of the Vision Come 
mittee, Additional information regarding the terms used 
herein and a brief description of tests for heterophoria will 
be found in the Minntes of the, Twelfth Meeting (3) 12 June 
1945. Another discussion of the Binet will be found in the 
Minutssa of the Fourtesnth Meeting (lk) 11-12 September 19)5. 
The latter paper contains much of the experimental work upon 
which the present study is based. 


ee 


There has been a great deal written on the function of 
the extraocular muscles. Anyone who makes an effort to review 
the literature is overwhelmed by. the number of published 
articles and by the great variety of tests advocated. Indeed, 
there are so many methode for measuring heterophoria that the 
impartial investigator might. conclude that no one test haa 
cutstaniing merit. To put it another way, one can find pub-e 
lished authority for almost any viewpoint on this important 
eub Jeo hes As Cridland (5) hea expressed the matter: 


; "whe. diversity of the available methods is only equelled 
by) the diversion which, some.of them engender. The 
«... fantastic elaborations of the instrument maker have 
| introduced further complexity, so that the patient, 
when faced by an imposing mass of machinery, may ve 
easily forgiven for his failure to relax, and the 
--; @lement of voluntary effort becomes a thundercloud 
obecuring.the entire heterophoris horizon. The woncer 
is that the results of measurement by different tests 
are not even more contradictory than they are." 


The. present, paper. is justified only if. some. necessery 
cleri cation. of. the. current. confusion is achieved. In tie 
eg rhea ag Dre tay 3 peferepses to ipa e authorities 
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will be held to a minimum, The investigator who desires to 
pursue anv particular phase will find an abbreviated bibli- 
ography eppended. 
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As has been indicated, “ number of available tests is 
extensive. A paper by Wheeler (6) reviews the measures which 
were first developed, Some of the early investigators devised 
methods which ere worth study, and the principles laid down 
at the beginning have changed very little. It may be stated 
here that, at the present time, a majority of ophthaimologists 
employ either the’ cover test and its modifications, the 
Maddox rod test in some form, or a combination of these. 


The problem under consideration differs from that of the 
practicing civilian eye specialist. These clinicians have 
the advantage of much experience with all degrees of ccular 
motility, including the obviously abnormal. However, the 
problem: wnich confronts the military services is rarely ons 
of differential diagnosis of ocular muscle conditions. The 
main ob jective is the screening of large numbers of men in 
order to refect those who are unfit. Additional requirements 
for a measure which ts desirable from the military standpoint 
will be discussed later. 


In the present experiment no nner has been made to 
evaluate all of the available measures of heterophoria, Suoeh 
an encyclopedic study woulG present a monumental task and 
cortainly would not be worth the effort. ‘The limitation can 
be indicated in titles for the ‘two parts into which this paper 
is divided. These are as Follows :” 


Part 1. Ubiiiert Wri of three ea naeas methods for 1a tered 
heterophoria + Maddox rod, ecreen-Maddox rod, © 
and ‘screen and perailex. 


Pert 2. Comparison of the Maddox rod test for he teieat: 
and vertical heterophoria, with phoria tests 
incorporated in’ three visual screening devices; 
Keystone “Telebindculer", Bausch & Lomb "Ortho= 
Rater®: ‘and the Nerped Optical sia oa Screener". 


Part 1. ors oF THREE ‘CLINICAL TESTS POR ‘TATBRAT HETERO~ 
“PHORIA » 00! 


e 3 iTt ee cy mo ee 
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Introduction 8 YO radi wrod 


Mention has already tect? mede’ of the general categories — 
into which the’ most. accepted measures of heterophoria can be 
grouped. Two of the techniaues evaluated in this report ere 
in common use by ras ris ashe generally (5) (7) %8) (9) 
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but with some qualifications by individual writers (10) (11) 
(12) (13) (1h). These ares (1) the Maddox rod and (2) the 
screen and parallax or cover test. A third method, (3) the 
screen-Maddox rod, is prescribed for the aviation medical 
examination for the Army and Navy (15) (16). 


It might be stated parenthetically that tests which employ 
any type of stereoscopic instrument have been criticised by 
various authorities (13). One of the most common objections 
has been stated by Verhoeff (ik) as follows: 


"Tests for presumptive heterophoria diag by use of a 
etereoscope of any kind are especially unreliable because 
the observer has no accurate idea of the distances 
concerned." 


In order to appreciate fully the extremes of viewpoint, 
one writer (17) assumed that occlusion of one eye for a week 
is necessary to elicit all the presumptive heterophoria: 
Fortunately, this opinion has not been entertained seriously 
by military surgeons. 


Out of such a vari ety of useage and opinion, the experi- 
mental work of Cridland (5) and of Scobee (4) are outstand- 
ing as probably the first attempts to evaluate several methods 
of measuring heterophoria by assessing them on the basis of 
statistical evidence and analysia. Although Saobee has not 
presented his findings before the Committee, the results have 
been described to the Subcommittee on Procedures and Standerds, 
and are published in the Minutes of the Fourteenth Meeting. 


From the evidence of experimental studies, “eg Scobee 
at gehat time recommended: 


ie That since the correlation of the Maddox rod test 
with the screen and parallax test is os high as the 
correlation of the screen and parallax test with the 
scoreen-Maddox rod teat, the Meddox rod test may be 
used for measuring heterophoria. 


2. Thet the Maddox rod test is easier to standardize 
and should be substituted for the more complicsied 
screen-Maddox rod method, 


3. Theat the factors of placing the Maddox rod before the 
dominant eye and the brightness of the room do not 
(atfeot the measures elicited. 

ie That the Maddox rod should be white instead of red. 


5. That phorias should be meroured at distances of 20 
aks feet and 13 inches. 


lo 


In the light of Scobee'’s studies, it was decided that : 
before visual soreening devices covld be evaluated for their” 
competence to measure heterophoria, three of the most age" 'Y* 
ceptable olinical methods for this purpose’ showld be’ compared. 
The most promising clinical test ‘then might be applied asa ~~” 
validation criterion for the comparison of instruments. 


» i anes 
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Procedure Se get ee ae RE) nc kdio dda eos tees 

One hundred subjects were chosen at random from ‘among the’ 
candidates for the Submarine School. , Groupe of ten men were 
tested twice during the same hel f~dey , each time at distances 
of 20 feet and 13° inches, _ using the following order in each 
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lo Maddox rod (white). 
29 . Soreen-Maddox rod” SoD 
ioe Screen. ‘and psraliex Sere yp ng pie 
ALL measurements were’ tah re had sbenletn di! in 2 taphted . 
room. In each case, a one om. light was viewed at a distance 
of twenty feet without giasses and the examiner adjusted the 
Risley prisms of ‘the phorometer. Since the vertical devia- 
tions were not being messured, thé Stevens phorometer attach- 
mont was not used, A procedure: ‘wherein the examiner ena 
the priems wae selected in order to compare such measures ¥ with 
those to be performed later wherein the subject adjusted the 
prisms. Prior to the test “the bhorometer frames were ees 
and leveled ac ourately and Nae ce wt Maddox rod wes rotated — m 
into position before the rig 


the first measure was mide wlth the Ridley prism in ple ‘ 
behind the Maddox rod, the ae being set so thet the subject’ 
reak of light to the left of a 
ted te ehe gubtdee that the 

ral: ry tot “wes. mh oh a ‘to ine 
form the esate notes ot ses ag PIAS) | toa gh the 

light. “Next, i ‘teat ae poate So haces at 6 eye was 
covered intermittently? ate Patbor to 


Hora Satie get taal oe pk 
ate 


that the 2?ne “o “performed 
after i isdaox oe had been rot “entra ¢ +3 PERE of view 


S85 light at: ber tain 
wed at Taded. Betors ea rie inj ne tee 
ad jae until the oa epee sant te aa mane 
ment of the light. ‘The p Ke St ah n as the 
are ety TP ect eiidw ed Blyome box xobhaM adi. SaciT a 

. A& th n.of above teats at t wenty foot 
distands . Gab phate Gab Soueraded tana” one e sub pate. +t ze was 
d{rected at the bulb of a lighted ophtha distance 
of thirteen inches from nis eyes, exactly in the wn Line and 
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at eye level. The ophthalmoscope handle was secured by means 
of tape to the bar attached to the phorometer, and ewung into 
position after the distance testing had been completed. The 
same three tests were then performed at the near point, in 
the corresponding order and in exactly the same manner. 


At the completion of the test-retest series, the data were 
plotted on scattergrams and subjected to statistical analysis.- 


Results and Discussion 


No discussion of measures for heterophoria is complete 
unless the inherent variability of this function is emphasized. 
One authority (18) states the situation as follows: 


"If heterophoria tests are repeated several times under 
apparently equal conditions, the results obtained in 
those tests will very frequently differ, and this not 
only with respect to the amount but occasionally also 
with respect to the kind of existing heterophoria." 


Since retesting heterophoria yields results of uncertain variae- 
tion, a coefficient of test-retest correlation is not the only 
criterion of consistency which should be applied. The dif- 
ferences between test and retest means must be evaluated, and 
the reliability coefficient must be considered in the light 

of relative variabilities. | 


From the data presented in Table I, the Maddox rod test 
for phoria compares favorably with the other two methods at 
both distances. One sees from the relative standard errors 
of estimate that the resulta of a second distance examination 
with the Maddox rod can be predicted after a first examina- 
tion, with more precision than @ second screen-Maddox rod 
from a first screen-Maddox rod test. Note that it is assumed 
that one test of muscle balance does not affect the score for 
a later test; the order of testing was not altered from one 
individual to the next. There is some indication from the 
meens in Table I that this assumption is not valid for the 
near tests. 


In Table II one notes that the intercorrelations are as 
high es the inherent reliability in each measure allows; in 
other words, insofar as one can judge from these data, all 
three tests may be measuring identical functions. 


Another aspect of fundamental importance must be stressed; 
that is, the question of what a method measures. There is a 
distinction between methods which employ simultaneous binocular 
fixation, such as the Maddox rod, and those in which the amount 
of ocular deviation is measured when binocular fixation is 
interrupted, as in covering each eye alternately. The screen- 
Maddox rod and the screen and parallax tests are examples of 
the latter type. In other words, the validity of measurement 
is critical. Unfortunately, there is as yet no standard which 
can be recognized generally as valid. | 
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TABLE 


Test = Reteat Consistency 
A. Lateral heterophoria at twenty feet 


Method Correlation Test Test Retest Retest Standard error 
Coefficient Mean &.D. Mean S.D. of retest estimate 

Maddox rod 0.87 E .88 2.296 E .88 2.3868 1,18 

Soreen-Maddox rod 0.89 E1.387? 2.784 £1.80 3.106 1.43 


Soreen and parallax 0.72 B1i.42 2.741 £0.47 2.579 1.79 


B. Lateral heterophoria at thirteon inohes 
Maddox rod 0.74 X 3.87 4:60 £4.99 4.896 3.838 
Scoreen-Maddox red 0.82 X 4.24 4-984 X5.40 5.654 2.26 


Soreen and parallax 0.67 X6.06 6.782 X 7.71 5.638 4.14 
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TABLE IT 
Test Intercorrelations 


A. Lateral heterophoria at twenty feet 


Maddox rod Soreen= Screen and 
Maddox rod parallax 
Maddox rod 0.87 0.92 0.74 
Soreen-Maddox rod ? 0.89 | 0.85 
Soreen and parallax , da’ y 


B. Lateral heterophoria at thirteen inches 
Maddox rod 0.7) 0.89 0.79 
Screen=-Maddox rod ; 0.82 0.76 
Screen and perallax 0.67 
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The gelection of one test ever others as the best measure 
of phoria is possible then, only when the method selected 
demonstretes clear-out WBe ess Ane in respects agreed upon 
previously @s crucial. While the desirable qualities for a 
valid magure may not have been egreed upon universally, or 
even achieved, this question must be addressed by those in 
ophthalmolog1 cal research, However, for the present needs of 
the military services, if-not for clinicians in civilian 
practice, it may be assumed that the best test is one in which 
experimental studies indicate satisfactory sensitivity, & mean 
and 4 range which are in agreement with ophthalmological ex=- 
perience, and an adequate reliability or consistency of measure~ 
ment > In addition, the method of choice should employ the types 
of oculer innervation which differs least, both in degree. and 
in kind, from that normally.oemployed: in binocular fixation, 
Finally, the preferred method of measuring heterophoria should 
be at once as simple as. possible, and at the same time eapense 
of standerdi zation of administers tion. 


Summary 


lo. The adince of ‘Seobee ; and the results of. the eR: 
which are presented above, recommend. the Maddox. rod test ag 

a military measure of lateral heterophoria which isa as satis- 
fagtory as the other. two methods, Its: eg yanusces Bres 


A. The consistensy of measurement. is. at least as great 
as that with the other testa studied. 


B. The distribution of scores indicates thet small devia- 
tions can be elicited over 2 wide renge of measurements. 


GC. The, correspondence between means and variability. 
measures for first and second examinations compares; . 
favorably with the CORTES PORSEDS 9, found with two other 
elinical measures, 


D. Standardization 6f technique cen be achieved since 
the method of edministration is simple and there bdia 
& minimum of interference by the exami ners . 
“Be The: amount of time required for explanation, demonr 
i stration eon teating ia minimel,. - f 


26 The reliability of each of the lateral ake aoncoss mossures 
at ener feet exceeds ita rik at thirteen inches» ” 


Conelvsion - 


The Maddox rod test. is as. satisfactory. a meesure for 
lateral heterophoria as either: the soreen-Maddox rod. or the 
sercen and parallax testa, Accordingly the Maddox rod test 
is accopted ag a standard clinical meemre for evaiuating 
the phoria measures elicited by the visual ene devices 
studied in Fart Two below. 
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Pert 2, COMPARISON OF THE MADDOX ROD TEST FOR LATERAL AND 
VERTICAL PHORIA WITH PHORIA TESTS INCORPORATED IN 
THREE VISUAL SCREENING DEVICES 


(Keystone "Telebinocular", American Optical "Sight 
Screener" and Beusch & Lomb "Ortho-Rater") 


Introduction 


A previous experiment (19) reported before this group 
at the April 1945 Meeting (20) indicated thet visual soreening 
devices might be acceptable for ocular tests in routine 
physical examinations of military personnel. 


The results reported in the first portion of the present 
experiment are in agreement with those of Captain Scobee = 
that the Maddox rod test for lateral phoria is an adequate 
measure of horizontal muscle imbalance. That test takes ad= 
vantage of the fact that the eyes will superimpose two dif- 
ferent uniocular impressions into a single binocular perception. 
While the screening devices involve heterophoria targets and 
a method of presentation that are different from those in the 
Maddox rod test, the basic principle 18 essentially the same. 
The similerity 1s stressed by redefining the concept “hetero- 
phoria"; from an operational standpoint, it is the deviation 
of the eyes which is overcome and rendered latent when fusion 
ie permitted. (21) , 


Description of Tests 


The Maddox rod test displays a light to the left eye and 
a streak of light to the right eye. On the other hand, the | 
phoria targets in the instrument tests display arrows or lines 
for one eye and dots or steps for the other eye. 


The Ortho-Rater incorporates an additional feature, in 
that while the right eye views a row of dots in the lateral 
phoria targets, the’ left eye is presented with an arrow pointe 
ing to the middie one of three horizontal dots. The dots seén 
by the left eys fuse with those seen by the right eye and thus 
tend to minimize shifting of the arrow laterally. Minimizing 
the amount of lateral swing by this meana is presumed to mske 
the measure more stable, 


Another difference in the instruments lies in the illumina= 
tion. The Telebinocular targets are illuminated from the front, — 
while the Sight Screener and Ortho-Rater targets are trans=- — 
illuminated from behind. In addition, the Sight Screener is . 
unique in that the Polaroid vectograph principle is employed 
for presenting individual targets to eash eye. 
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Decentered convex lenses are a part of the optical system 
for the equivalent of the 20 foot distance in each of the instru~ 
ments. In the Sight Screener, however, the targets for near 
are viewed at en actual 1 inch distance without the interposi- 
tion of prismatic lenses. 


Procedure 


With these points in mind, the study outlined by Comdr. 
Cook was undertaken. In recapitulation of that paper, 121 
individuals were measured without eyeglasses and in strict 
accordance with the procedure described in the "Manual of 
Instructions for Testing Heterophoria™ (1). This method em- 
ploys the Maddox rod and differs from that reported in the 
first part of this paper in that the subject adjusts the Risley 
prisms of the phorometer himself, and the near target is de- 
| pressed to a level of 6 inches below the level of the subject's. 
| eyes at a distance of 14 inches. This latter change has been 
recommended in order to approximate the visual axes more olosely 
to the reading position. | 


For the room used in testing with the Maddox rod, wall 
brightness was measured by a Macbeth iiluminometer at eys 
level as 0.5 apparent foot candles. Wall brightness around 
the 20 feot light from the observer's position was 0.2 apparent 
foot candles. ie 


. In measuring lateral heterophoria with the Maddox rod 
the streak of light is placed on the exophoric side of the 
zero mark on the Risley prism scale, before the measure is 
begun. The instructions to the subject were exactly as pre= 
scribed in the Manual. One objective of the experiment was, 
after all, an assessment of a simple method requiring a 
minimum of instruction and supervision. In most cases the 
subject rotated the prisms during the course of the measure~ 
ment without pausing or reversing the direction of movement 
until he indicated that the end«point had been reached. In 

- gome cases, however, a subject would reverse the direction 
of prism movement spontaneously one or more times before the 
measurement was completed. 


~The procedure described in the Bausch & Lomb Ortho-Rater 

“Standard Practice" manual (22) was followed in using the 
Ortho-Rater, However, since the Sight Screener procedure 
measures the extreme of excursion as a measure of lateral 
heterophoria, a similar procedure was adopted arbitrarily 
with one Ortho-Rater for purposes of comparison. A second 
Ortho-Rater was studied, and in using this instrument only 
the standard procedure was followed. 


In the Telebinoolar tests, the subject read the values 
at which the indicator came to rest. It was assumed that 
any error of phoria measurement inherent in the pptical system 
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of.the instruments would be maximal for subjects with oxtremes 
of interpupillary distance, especialiy for measurements at 

the near point. (25). Accordingly, the data for near lateral 
phoria were divided according to the subjects’ interpupillary 
distance as determined by five measures using an N.D.RiC. 
interpupillometer, (19) 


Finally, an effort was made to determine correlation be=- 
tween heterophoria and age. : 


Results: 


Table III presents the reliability coefficients for the 
four Maddox rod tests. Shown also are reliability coefficients 
for each of the several tests under consideration, and coeffi= 
cients between instrument tests and the corresponding clinical 
ME ASBULrée6 o ‘ # <2 ‘ 


Di seussion 


Statiatical analysis of the data is somplicated by the 
fact that, with the exception of the Telebinocular slide for 
.ateral imbalances, the scales units on the phoria targets sup= 
plied with each instrument are designated by arbitrary code 
digits. For each code the manufacturer of the device supplies 
& conversion key which is adequate for clinical purposes. 


However, there is no certainty as to whether the conver= 
slon values for phoria soore interval limits should be assigned 
to the mid=-points or to the limits of the scale units. Until. 
details of the scale conversions are available; one is not 
justified in converting arbitrary instrument score values into. 
priem diopters. In this paper no decoded instrument values: 
are presented, Bak & 3% whe een ie | | 

A comparison of the results from the Maddox rod far 
Lateral phoria measures suggests that a procedure wherein the, 
exeminer adjusts the prisms is more reliable than a procedure» 
wherein the subject makes his own adjustment. Note that a) % 
more involved situation obtains in the’ Maddox rod near lateral, 
phoria measurement. Not only is there an operator difference 
but the, viewing ongle fs different. ‘When the’ angle of view 
is made to conform to the reading position and the subject)»: ’ 
makes his own adjustment, the reliability ts higher than when > 
a trained observer makes the adjustment forthe target at the, 
level of the subject's eyes. The viewing angle is evidently ©: 
oritical and it 1s believed that the reliability of the Maddox 
rod measurement at near, and using the reading position, (°° 
would be even higher than 0.87 1f a trained operator adjusted | 
the priema.,. F 


RA al : . : % ahs r o w & ie Me 7 ws rs yy Y ef ro ort Ty f ' ants rs 
wodp) The peliabLiity end validity date for phorias ein Table Til 
merit axtendet aiacus sion. mitt J PIOce tse Ben #21 sorla 20 %or7s wee 
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(1) Each of the near lateral reliability coefficients is j 
higher than the corresponding value for far. The opposi te 
had been expected on the basis of the results of the sxperi- 
ment described in the first part of this paper. However, as 
noted in the paragraph above, the viewing angle difference 

is probably important enough to account for the higher relia= 
bility at the position used in reading. 


(2) The Maddox rod reliability coefficients for lateral phoria 

at 20 feet and at 13 inches are significantly higher than the 
inter-correlation coefficient between the far and near measures. 

A similar finding by use of the Ortho-Rater has been reported. (19) 


(3) The inter-correlation data for the instruments versus the 
criterion Maddox rod test are not as high as the reliability 
coefficients for either the instruments or the Maddox rod 
test. It is possible that the instruments ere not measuring 
the identical functions determined by the Maddox rod measure. 
Verhoeff (1) has made a statement quoted in the first part 
of this paper that for tests by use of a stereoscopic device 
"the observer has no accurate idea of the distances concerned”. 
At least the observer has a feeling of nearness of the tergets 
when using screening devices and this attitude may influence, 
by association, the impulse to accommodate. 


(kh) In general, the Tateral phoria measures elicited by the 
instruments correlate slightly higher with the Maddox rod 
diateral phoria equivalents than do the corresponding values 

for the vertical measures. 


(5) The comparison of two procedures in administering the 
lateral phoria test by the Ortho-Rater indicates that the 
standard procedure is more consistent than the so-called 
"excursion" procedure. Two different Ortho-Raters with standard 
procedure elicit nearly identical data for means and standard 
deviations for distance and near, 


(6) No correlation of phoria scores with interpupillary distance 
4s noted. From the IPD analysis for this small population, 
it happened that the group with narrow IPD was slightly more 
exophoric (0.06 standard deviation units from the total oup. 
mean); the middle IPD group was slightly more esophoric (0.12 
_ standard deviation units from the total group average); the 
wide IPD group was also more exophoric (0.09 standard devia- 
tion units from the total group mean). These differences in 
Maddox rod scores are probably insignificant. . 


(7) The data show no meaningful correlation between age and 
phoria measures. The correlation coefficients tended to be 
magnified with the oldest group, but this can be attributed to 
the enhanced variability of the scores from the oldest group. 
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Summary. 


(1) Certain criteria for a valid measure of heterophoria are 
presented, 


(2) The Maddox rod test meets these criteria, at least for 
lateral phoria, as well as the screen-Maddox rod or the screen 
and parallax tests. 


- (3) Three visual screening devices were used to measure hetero- 
phoria and the results are compared with the data from the 
Maddox rod test. The data from the latter experiment indicates 


(A) That visual screening devices are apparently as 
reliable as the clinical method for the measure=~ 
ment of phoria. ; 


(B) That the instrument tests do not correlate well with 
the clinical tests; it is possible that this is due 
to some defect in construction of the devices or in 
the method of measurement.’ 


(GC) That further research is indicated to establish why 
_ there is no more correspondence between the clinical 
and the instrument measures. 


(h) No significant correlation between heterophoria and either 
interpupillary distance or age grouping is noted, 
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Discussions = 9.) « : 


Dr. Miles requested information. concerning the line of regerd : 
Tn varfotis tests of phoria, | nee” ttt. | 
Lt. Comdr. Sulzman reported that in the Ortho-Rater, examinees 
depressed the line of regard slightly for the far test and 

‘depressed still further for the near test sompared with the 
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normal line of regard used in the acuity tests on this instru- 
ment. In the Telebinocular, the line of regard is the same 
for all tests of acuity and phoria. In the Sight Screener, 
line of regerd is directed normally for the near test of 
phoria but is depressed for the far test of phoria,. 


Dr. Scobee emphasized that the line of regard is an important 
variable fn phoria measurements since phoria is actually intro= 
duced by deviations from the normal line of regard. 


Dr. Berens asked how long the Maddox rod was allowed to remain 
in the subject's field of view before measuroments were made, 


Lt. Comdr. Sulgman replied that records were available for all 
tests and that the average time was one to two minutes. He 
reported that patients often develop devietion after continual 
observation of the Maddox rod. 


Dr. Scobee traced the history of heterophoria measurements 
| briefly and emphasized the value of the work done by Lt. Comdr. 
| Sulgman, He emphasized the great confusion in the literature 
| of hetsrophoria measurements which was at least partially 
attributable to the large number of tests of phoria which had 
. never been properly compared. ° 


Capt. Shilling inquired whether information resulting from Lt. 
omdr. Sulzman's investigation necessitated changing the 


Manual of Instructions, erence Heterophorie, previously 
prepared by the Vision Co ttee. 


Dr. Vail, Chairman of the subcommittee responsible for develop-= 
ing this manual, replied that Lt. Comdr. Sulgman's data indi- 
cated that the examiner rather than the examinee should be 
permitted to adjust the prisms. 


VOTED: (1) that the manual of instructions, Testing Heterophoria, 
prepared by the Subcommittee on otenterts an 
Methods of Visual. Examination, be accepted with 
the following amendment: 


that the adjustment of the prisms in phoria meas- . 
urement be made by the examiner instead of the 
examines. 


(2) that the amended manual of instructions, Testing 
Heterophoria, be forwarded tc the appropriate 
offices of the Army and Nevy with the recommenda- 
tion that it be adopted for use by the armed 
services inasmuch as it represents the concensus 
on heterophoria in the light of present knowledge. 
Should subsequent investigations uncover better 


methods of testing, suggested revisions of the 
Manual will be forwarded. 


MANUAL OF INSTRUCTIONS 
TESTING HETEROPHORIA 


This manual was prepared by 
Richard Ge Scobee, M.D. 
for the Subcommittee on Procedures 


and Standards for Visual Examinations, 
Army-Navy~OSRD Vision Committee 
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TESTING HETEROPHORIA 
MANUAL OF INSTRUCTIONS 


A. HE PROBLEM OF TESTING HETEROPHORIA 


l. 
2 


BREAKING UP FUSION 
STANDARDIZATION OF THE TEST 


B. NECESSARY EQUIPMENT 
C. TESTING WITH THE BINOCULAR PHOROMETER 


2. 
2. 
Be 
k. 
5. 


6. 


Te 


SEATING THE EXAMINEE 
ADJUSTING THE PHOROMETER 
THE MADDOX ROD 
SUPPRESSION 
THE RISLEY ROTARY PRISM 
(a) Marking the prism 
{(b) Instructions to the examinee 
THE MADDOX ROD TEST AT 20 FEET 
(a) Lateral heterophoria 
ba (1) Doubtful cases 
(bo) Vertical neterophoria 
(1) Doubtful cases 


(2) Cases with more than 2.0 
priam diopters of hyperphoria 


THE MADDOX ROD TEST AT 23 INCHES 


TESTING WITH THE MONOCULAR, PORTABLE PHOROMETER 
TESTING WITH TRIAL FRAME & LOOSE PRISMS 
CHECKING THE MADDOX ROD oy 
CHECKING PRISMS 


6h... 
TESTING HETEROPHORTA 
MANUAL OF INSTRUCTIONS 


A. THE PROBLEM OF TESTING HETEROPHORIA 


Heterophoria is a condition in which the eyes have a 
sonstant tendency to deviate but are prevented from s0 doing 
vy @ process of FUSION. When a) persorn looke at an object, 
an image of that object is formed separately in both the 
right and the left eye. These separate images are sent to 
the brain where they are associated and interpreted as a 
single image; this process is known as fusion. ‘The fusion 
process is responsible for the two eyes working together in 
harmony and when anything prevents this; fusion is disrupted 
and one eye deviates, Since heterophorla is only a tendency 
of the eyes to deviate, no actual deviation is apparent. 

The deviation becomes visible only when fusion control is 
weakened or abolished. When deviation oecurs, dtavexact 
amount can be estimated with some accuracy by neutralizing 

the deviation with prisms of varying strengthe If the deviat- 
ing eye turns in (toward its fellow), the deviation is known 
as esophoria; if it turns out) (away from its fellow), the 
deviation is known as exophoria; if the deviating eye turns 


up or down, the deviation Is called hyperphoris or hypophoria, 
respectively. 


‘1. BREAKING UP FUSION. For the purpose of heterophoria 
measurement, fusion can be disrupted by placing a» Maddox rod 
in front of one eye. The image of a spot of light, when 
viewed through a Maddox rod; is converted. into a, line of light. 
When the two eyes see unlike images of the same object (one 
eye sees a spot of light while sthe other eye, the one behind 
the Maddox rod, sees a line of light), this disrupts fusion 
and tends to prevent the two ceyes»from/working together, thus, 
when heterophoria is present, one eye (the eye behind the 
Maddox rod) will deviate when its fellow eye continues to 
look at or fixate the spot of light. 


Jom MSS Ofom Ar iw Bees) ~ 

“2. STANDARDIZATION: OF) THE. TEST, )}—The measurement of 
heterophoria is one of the most difficult problems that the 
inexperienced examiner oan meet. The reason is simple.» There 
are many factors which influence the test and only a few of 
these are actually knowns! For example; itis just as important 
to have the examinee seated comfortably during the test so 
that his neck musclessare not strainedyas,it, is, to have the ~~ 
testing equipment in good condition. Strained positions of — 
the head and neck have a definite effect upon the measurement, 
of heterovhoria.. Unless the test is performed in exac get 
same way at every testing station, an exeminee;may pass the 
test at one station on one day and fail it on the next day at 
another station, A UNIFORMLY STANDARDIZED TESTING TECHNIQUE 
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MUST BE USED AT EVERY STATION. This manual has for its purpose 
the description of the testing technique to be followed at 
ail testing stations. 


B. NECESSARY EQUIPMENT 


le A testing room long onough to provide a distance of 
20 feet between the muscle light and the eyes of the seated 
examinee. ay 


2. A comfortable testing chair located at one end of 
the room. 


3. A muscle light (spot of light) 1 centimeter in diame- 
ter, placed at a distance of 20 feet from the eyes of the 
seated examinee and facing him. | 


lh. An ophthalmoscope with a removable, May~-type head. 


5. Either: (a) A binocular phorometer with Risley rotary 
prisms, white Maddox rods, and Stevens phorometer (graduated 
in tenths of a prism diopter from 0 to 2.0) attached. 


Or: (b) A monocular, portable phorometer with a 
Risley rotary prism and white Maddox rod attached. 


Or: (c) A trial frame with a white Maddox rod and 
| graduated and accurately calibrated prisms, either loose or 
| arranged vertically in a prism bar. 


6. Some method of measuring exactly 13 inches from the 
front of the phorometer. A cord tie o the phorometer and 
either looped or knotted at the proper length is satisfactory. 
Some phorometers have a metal rod attached to which a small 
light may be fixed in order to accurately measure heterophoria © 
at 14 inches. 


C. TESTING WITH THE BINOCULAR PHOROMETER 


| 1. SEATING THE EXAMINEE. The examinee should first be 
comfortably seated ina chair. A straight backed chair with 
arms is preferable to a stool. If there is a head rest on 
the chair, it should be accurately and comfortably adjusted. 


2. ADJUSTING THE PHOROMETER. The phorometer should be 
carefully adjusted to the examinee -- NOT the examinee to the 
phorometer. He should never be told to "come forward e little," 
to “stretch your neck a bit," or "move your head sideways 
{sto right or left) a little bit." The examiner must meke 
these adjustments himself with the various controls on the 
phorometer; that is why they are there. DON'T MAKE THE EXAMINE 
ADJUST HIMSELF TO THE PHOROMETER. Adjusting the phorometer 
means seversl th Bo It means: ; 


66. ; 


(a) Heving the entire length of the brow-plece touch~ 
ing the examines's forehead and exerting gentle but firm 
PPOSIULPG » 


(bo) Having the bubble in the spirit level accurately 
centered between the two markers, 


(a) Having the interpupillary distance reading set 
on the scale and the phorometer high enough so that cach of 
the examinee's pupils is exactly centered behind its respactive 
FLAMS o 


(a) Halvarie the examinee so seated and the phorometer 
80 placed that both are exactly and directly facing the muscie 
light across the room. 


(e) The examinse's glasses. If the examinee wears 
glasses ail the time, any test. of heterophoria. should be made 
with his glasses in place, This may be accomplished in one 
of two ways. The less accurate method is to have the examinee 
weer his glasses and adjust the phorometer eyepieces so that 
they touch his glasses and so that they are accurately centered 
before the lens of each eye. A much better and more accurate ~ 
method, if the prescription for glasses which the examinee is 
wearin is known, ig.to select the proper lenses which make 
up his prescription from the trial case and insert them into 
the cells in the trial frame on the phorometer (2 in the photo= 
graph of the phorometer).. If the examinee wears glasses all 
the time, any measurement of his heterophoria without his 
glasses ig utterly worthless and entirely undependable. 


3. THE MADDOX ROD. ‘The examinee's attention is directed 
to the muscle light which is a spot of light 1 cm. in diameter 
located at a distance of 20. feet across the room. To insure 
his seeing it, the examiner should flash 1t on.and off a time 
or two by means of a remote control switch located conveniently 
near at hand, if this is available. There must be no other 
sources of light except the muscle light visible to the 
examinee. There may be other lights in the room as long as 
the examinee cannot, see.them.. All reflecting surfaces should 
also be removed from the examinee's range of vision. If this 
is not done, the. overhead light which the examinee cannot 
see directly may nevertheless be reflected into his eyes from 
any shiny metal or glass objects in the room. If this reflec- 
tion occurs, more than a single line is liable. to be seen 
through: the Maddox. rod and will. prove to be a disturbing 
factor if not a source of actual error in the test. Once the 
examinee has definitely located. the muscle light, a white 
multiple Maddox rod attached to the phorometer. should be — 
rotated into position. This means rotating it. on its hinge 
as far as it will go. It should be placed before the RIGHT 
EYE. The axes of the gmail rods which make..up the multiple 
Maddox rod should be in the horizontal meri@ian. With the 
rod in this position, when the examinee looks at the muscle 
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light, he sees a vertical’ white line with his right eye (which 
has the Maddox rod in front of it) and a spot of light with 
his left eye, He is thus seeing unlike images of the same 
object, 1.0., the spot of Light . 


The examines should now be specifically questioned as to 
whether he sees both a. vertical white line of light and a 
white spot of light. If he does, the testing may proceed. 

If he does not see both’ the line and light at the same time, 
one of several things may have happened 


(a) The pigs ir bapa frames may not be Sree cee centered 
before each eye. 


(oO) Although properly bonve vet: the phoromater may 
not be aimed exactly at the light. 


(ec) The examinee may have elosed one eyes BOTH EYES 
MUST BE KEPT OPEN AT ALL TIMES DURING THE TEST. 


. (a) The examines. may de unconsei ously suppré ssing 
vision’ in one eye (see paragraph i, below). 


{e) Visual acuity may be poor in one eye. 


(f}) One eye may be turned far in or far out; if one 
eye is deviating 4 great deal ("cross-eyed" or "wall-eyed"), 
this fact should have been noted on external examination. — 
The presence of a manifest deviation is mown as heterotropia, 
and no heterophoria measurement is accurate or is spereigae 
even pOweE DAS in such cases, 


09g, ‘SUPPRESSION. Double viafon is usually avoided by itis 
natural impulse to line up the two eyes so that thoy work 
together. In the presence of heterophoria, the examinee fuses 
the two iimiges into one but to do this requires effort (whether 
he is aware: of it or not). If the reqiired effort is too 
great, one of the two images may. be ignored by the brain ond 
when this happens, it is known as’ suppression. In the case 
of the’ Maddox rod test, it is somewhat annoying to look at a 
spot oF Light’, Wet see a line of light with one eye and a spot 
of light with the other. The image’ of the line is often sup- 
pressed (ignored) by the brain, which means that it seems to © 
fade in brightness and may disappear entirely. 


If the examinee sees only the line, or only the light, 
or the’ line and’ then the light altemately , ae may be assumed 
thet ‘ho Xs suppressing, provideds = © | 
‘ga 08 Ow) the phoroneter ts’ properly adjusted. 
ar : 
ws 2p qeduslt Katey ‘is Horme? or anywhere near equal 
in the ec eyes. | 
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: (c) There is no gross deviation of the eyes on 
external examination (inspection). 


If the examinee sees only the spot of the light (using 
his left eye), the left eyepiece of the phorometer should be 
covered with an occluder until. the line is seen by the right 
eye. If the cover is then removed, the line and light will 
usually be seen simultaneously. Likewise, if only the line is 
seen (using the right eye, which has the Maddox rod in front 
of it), the occluder shovld be placed over the right eyepiece 
of the phorometer until the spot of light is seen by the left 
eye. It may then be removed. 


5. THE RISLEY ROTARY PRISM. Once the examinee sees the 
line and light simultaneously, the next step is the removal 
of the Maddox rod from ite position before the eye and the 
rotation of the Risley rotary prism attached to the phorometer 
into position before the right eye. It will be noted that its 
location is behind the Maddox rod, between the Maddox rod and 
the examines's eye. The handle of the rotary prism should be 
rotated into the vertical position (at 909°). By means of 
this same handle, the line indicating the position of the 
prism base should be rotated on or near zero. Some of the 
older phorometers have the handle so placed that it is to 
one side when horizontel muscle balance is being tested. 
Others have it at an angle. The proper position should be 
determined by the examiner beforehand. 


(a) Marking the prism. It is a difficult problem 
for the inexperienced examiner to remember whether prism base 
in indicates exophoria, prism base down hyperphoria, etc. 

For this reason, a very simple and practical solution may be 
found in the use of a little adhesive tape. One piece should 
be stuck on the fixed frame of the rotary prism over the 90° 
mark, and another over the 180° mark on the right eyepiece and. 
over the 0° mark on the left eyepiece. With pen and ink, a 
line representing the three marks which have been covered . 
should be drawn. See figure 1. On the tape over the 90° 

on the prism before the right eye, the letter "X" should be 
printed on the tape on the side of the line toward the nose; ... 
similarly, a letter "S" may be printed on the opposite side ‘ 
of the line (toward the temple). . When heterophoria is being 
measured, if the prism base marker is set. on the "X" side of 
the 90° mark, EXOPHORIA is present (prism base in); if the 
marker has been set on the "S" side, ESOPHORIA is present 
{prism base out). 


In the same manner, the tape at 180° and at 0° can . 
be lined. Above the line on the right prism, print the letter. 
"ZL" and below the line the letter "R", When vertical hetero= 
phoria is being tested and the rotary prism handle is set at 
1800 (right eve), if the prism marker has been set above the 
line (in the "L® area), then LEFT HYPERPHORIA ie present. If 


Tape Tape 


Figure 1. 


FRONT VIEW OF PHOROMETER (Maddox rods removed) 
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the marker has been set below the line {in the "R" area), then 
RIGHT HYPERPHORIA is present. This is true for the right oye. 
For the left eye, as is shown in the Ciagram, all markings 

are reversed. 


(do) Instructions to the examinee. Having assured 
himself that the examines sees both the Jine of light (seen 
through the Maddox rod) and the spot of light, the examiner 
is ready to begin the test. Since the examiner adjusts the 
Risley prism, the examinee need only be instructed to tell 
the exeminer when the line of light runs right through or 
bisects the spot of light. The instructions would therefore 
be something like this: “I am going to move the line. I want 
to adjust it so that it runs right through the center of the 
epot of light." The examiner then siowly turns the knob 
controlling the Risley prism in one direction or the other, 
meanwhile asking, "Is the line moving toward the light or 
away from it?" If the examinee replies that the line is 
moving away from the light, the examiner immediately begins 
turning the Risley prism control knob in the opposite direc- 
tion, meanwhile asking, "Now is the line going toward the 
light?" When the examinee indicates that the line is moving 
toward the light, the examiner continues to turn slowly, say~ 
ing, "Now when the line ,runs through the exact center of the 
light, tell me to stop." When the examinee states that the 
line is ruming through the center of the light, the 
Maddox rod is rotated out of position in order that the 
calibrated scale on the Risley prism may be easily read. The 
seale reading is recorded, 


The examinee may often state in one breath that the line 
is running through the light and in the next breath state 
that this is no longer the case. The examiner should reassure 
him by telling him that it often happens and continue adjust- 
ing the prism until the line stops moving and an accurate 
reading can be made. 


6. THE MADDOX ROD TEST AT 20 FEET. 
{a) Lateral heterophoria. 


The examiner should always begin the test wi th the Risley 
prism set "orf" of zero in one direction or the other, prefer= 
ably on the "X" side (exophoria) so that some adjustment will 
have to be made in every case. 


When the reading is completed, if lateral heterophoria 
was being measured, then if the prism marker is on the side 
of the line toward the examinee's nose (in the "X" area), 
exophoria is present; if on the side toward the examinee! s 
temple (in the "S" area), esophoria is present. | 


70. 


(1) Doubtful cases. If any doubt exists in the 

mind of the examiner about the results of the test, the Maddox 

rod and rotary prism before the examinee's right eye should 
be rotated out of position and the rod and prism on the other 
side of the phorometer rotated into position before the left 
eye, The procedure described previously should then be 
repeated. If there is a great difference between the readings 
with the Maddox rod before the right eye and before the left 
eye, both should be repeated again. -If there is only a small 
difference, if.e., 2 or 5 prism diopters, the LARGER of the 

two should be recordea@ as the lateral heterophoria (esophoria 
or exophoria as the case may be) for the examinee. A cone 
sistently large difference between the readings for the right 
end left sye indicates a partial paralysis of one of the extra- 
ogular muscles and calis for a repeated examination of the 
extraocular movements and a red lens test with charting of 
diplopia fields. 


(bd) Vertical heterophoria. When the lateral hetero- 
phoria has been tested, the next step is the measurement of 
vertical heterophoria. With the Maddox rod before the right 
eye, the rod should be adjusted so that the axes of its com- 
ponent glass rods sre in the vertical. The eyes behind the 
rod now will see the spot of light as a horizontal line. The 
Risley prism.is turned down and out of position and the Steven's 
Phorometer is turned up into its vertical position. Set the 
index of the Steven's Phorometer at 2.00 LH (Left Hyperphoria). 
The examinee is told that he should ses a horizontal line bee- 
low the spot of light. The examiner grasps the controlling 
lever of the Steven's Phorometer and moves the lever up slowly 
until the examinee states thet the line bisects the spot of 
light. If the examinee reports that he also sees another spot 
of light he is told to ignore the faint spot and to watch the 
line until it bisects the bright spot. When this is done the 
examiner reads the scale in tenths. of prism diopters of hypere- 
phoria. As indicated on the Steven’s Phorometer, if the index 
is set below the zero position, the measurement is of left 
hyperphoria (LH), and if it is set above the zero position 
the measurement is of right hyperphoria (RH)... When testing 
the left sye, the relative positions of the line and spot of 
light ere reversed. That is, with the index set at 2.0 LH 
(Left Hyperphoria) the line will spies to the examinee to 
be above the spot of light. 


ONLY HYPERPHORIA IS RECORDED. It hes been previously 
stated thet the eyes may deviate upward (hyperphoria) or down- 
ward (hypophoria), In most cases, when one eye turns up, its 
fellow eye tends to turn down. For simplification, only hyper- 
phoria is recoried. Thus, if the right eye tends to turn up- 
ward, it-is right hyperphoria., If the right eye tends to 
turn downward, the left eye would tend to turn upward in the 
majority of cases and so left hyperphoria would be recorded. 
The proper finding, whether the Maddox rod is before the 
right or left eye, is always indicated on the Steven's Phoroe 
meter by the letters RH or LH for right or left hyperphoria 
respectively. 


TL. 


(1) Doubtful cases. If there is any doubt about 
the measurement in the mind of the examiner, the left eye 
should be tested in a similer fashion. This is done by plac- 
ing the Maddox rod before the left eye instead of the right 
eye and by using the Steven's Phorometer as described above. . 
The only apparent change is the reversal of the relative posie 
tions of the line and the spot of light at the beginning of 
the test. A difference of more than 0.5 prism diopters between 
the right and left sye measurements should be the cause for 
& recheck of the hyperphoria measurements for each eye. In 
this case it would be well to begin the test with the indox 
set at 2.0 RH (Right Hyperphoria). The exeminer moving the 
line in the opposite direction as described above until the 
line bisects the spot of light. The averages for the séttings 
"from below" and “from above" when the Maddox rod is before 
the right and the left eyes should be compared. If the dif- 
ference is greater than 1.0 prism diopter there is, in all 
probability, a slight paralysis of one or more of the extra- 
ocular muscles and a red lens test with the charting of the 
diplopia fields is indicated. 


(2) Cases with more than 2.0 prism diopters 
of hyperphoria. Occasionally an examinee may have more than 
S amount of hyperphoria. This will be indicated at the 
beginning of the test by the examinee reporting thst the line 
appears above the spot of light instead of below when the 
index of the Steven's Phorometer is set at 2.0 LH. Remove 
the Steven's Phorometer and place the Risley prism in posie 
tion with its handle in the horizontal and toward the examines's 
temple. The line is then adjusted so that it runs through or 
bisects the spot of light. When this is done, set the index 
of the Risley to the nearest whole division toward zero end 
bring. the Steven's Phorometer into position. Now adjust the 
lever of this Phorometer until the line bisects the spot of 
light. The sum of the readings on the Risley and the Steven's 
Phorometer gives the total hyperphoria, and the position of 
| the index of the Steven's. Phorometer indicates whether it is 
} right or left hyperphoria that has been measured, 


7» THE MADDOX ROD TEST AT 13 INCHES. When the test has 
been completed at the 20 foot testing distance, the muscle 
Light is turned off. The test should then be performed at 
13 inches, using an ophthalmoscope with its head removed at 
the muscle light. The light should be held exactly in the 
midijine and 6 inches below the level of the examinee's eyes; 
thus the eyes are in the reading position. It may be neces- 
sary to lower the phorometer slightly in order to keep the 
eyes accurately centered. The light should be held at a 
Gistance of exactly 13 inches from the phorometer. A string 
tied to the center bar of the phoromester and looped at 14 
inches will serve nicely. If the ophthalmoscope neck is 
slipped into the loop and the cord drawn taut, the light will . 
be exactly 143 inches from the phorometer each time the test 
is performed. 


Teo 

; The technique of testing leteral and vertical heterophoria . 
at 13 inches is exactly the same as that used at 20 feet. 
Occasionally the examinee may complain that he sees more than 
one line at the 14 inch distance. If the source of this 
annoying reflex cannot be found, he should be instructed to 

pay attention only to the brightest line while it is adjusted 

so that it runs through or bisects the spot of light. 


D. TESTING WITH THE MONOCULAR, PORTABLE PHOROME TER 


The principle of measuring heterophoria with a Maddox rod 
and prisms may be applied in several different ways. Because 
the equipment available for the test varies from one station 
to the next, two additional testing methods will be described. 
At some installations there may not be a binocular phorometer 
available; instead, there may be only the monocular, portable 
type. This consists of a stick which has an eyepiece mounted 
at one end in a fixed position. Rotating on an axle attached 
to the eyepiece are a Risley rotary prism and & white Maddox 
rod. The instrument is held in position by the examinee and 
the teat is carried out exactly as has been previously described. 
Lt is the responsibility of the examiner to make certain that 
the instrument is held in the proper position at all times dure 
ing the test. If the right eye is being tested, the examinee 
should hold the instrument, with its handle vertical, before 
the right eye with his left hand. The examiner adjusts the 
prism as before, 


ER, TESTING WITH A TRIAL FRAME & LOOSE PRISMS 


If no phorometer is available, a trial frame should be 
carefully adjusted on the examinee'’s eyes. A white Maddox rod 
from the trial case is placed in the cell before the right 
eye; its component rods should be placed with their axes 
horizontal if lateral heterophoriea is to be tested first. 

Once the examinee has located both the line and the light, the 
examiner should select a weak prism and hold it before the 
Maddox rod with its base either in or out. Care must be taken 
to keep the base of the prism exactly vertical if lateral — 
heterophorja is being tested or exactly horizontal if vertical 
heterophoria is being tested. Several prisms will probably 
need to be tried (both base in and base out) before one is 
found which causes the line to run through or bisect the spot 
of light. The rest of the procedure should be carried out 
exactly as has bean described previously. 


F. CHECKING THE MADDOX ROD 


Two defects may oacasionally be found in a Maddox rod: 
(a) the line of light may be indistinct rather than sharp, 
and (b) there may be a prism effect which acts to deflect 
the line of light from its true position. A Maddox rod 
which is found to have either of these defects should be 


; 
a 
a 
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discarded. If the line of light formed by the rod is sharp 
and clear, any prism can be readily detected by holding the . 
red before one, eye so that a horizontal line of light is seen 
while the other eye sees a spot of light. The position of the 
line in relation to the light 1s observed. The rod is then 
rotated through a full 1800 and the line arid light relation- 
ship observed again. If no prism is present, the relationship 
should be identical in the two observation positions described. 


G. CHECKING PRISMS 


If a phorometer with a Risley rotary prism attached is 
not available for heterophoria testing, it will be necessary 
to use loose prisms. These may be available either in eo trial | 
ease or in a special box (prism set). The strength of each 
prism shovld be etched upon the prism itself in unites of 
prism diopters, this prismatic unit being the one used through» 
out the armed forces... Unfortunately, not all prisms are marked 
in these units, some are not marked at all, and atill others 
are marked incorrectly. It therefore becomes necessary to 
check the strength of each prism before it is used in the 
measurement of heterophoria, This can be very easily and very 
simply done. 


A diagram (see figure 2, page 17) is made on a white sheet 
of paper aa x 11 inches in size. A heavy black line is drawn 
about 1 inch from and parallel to one sedge. A second, lighter 
line 1s drawn perpendicular to the heavy line in such a way 
thet it roughly bisects it. Using a meter stick, wnits of i 
em. are laid off on the second line. These units should be 
numbered consecutively, the mark closest to the heavy line 
being numbered "1", This chart or diagram should then be 
tacked in place on the wall in such a manner that the heavy 
black line is vertical while the line with the centimeter 
markings runs to the left of the heavy line. A series of 
arrowheads added to the heavy line below the point of the 
intersection will facilitate the checking. 


The prism to be checked 16 hold at a distance of exactly 


1 meter from the diagram on the wali and in a plane paralio 


to the plene of the wall. ‘The base of the prism. should be 
held in the vertical, toward the right, and. parallel to the 


. heavy black line on the chart. ‘The examiner should then place 


his eye at a distance of about inches from the prism in such. 
& position that he can view the heavy black line through it. 


- As shown in figure 2; the top edge of the priem shouid be helt 


ao that 1t is just below but almost coincides with the lighter 
marked line on the diagram, The position of the heavy black 
line above the intersection of the two lines should be such 
that it strikes tho prism’s upper edge at ebout ita center. 

If the left eye ig now closed and one looks through the prism, 
held in the position described, the heavy black line wiil 
appear to break at the prism edge end continue its downward 


The 


course in a position to the left of its original one. The 
centimeter marking to which the arrowheads on the displaced 
portion of the heavy line point is a measurement of the strength 
of the prism in diopters. If the arrowheads point to a spot 
between two markings, the appropriate fraction can be easily 
estimated. If the test is carried out as described and the 
displaced portion of the heavy line intersects the marked 

dine at 4, for example, then the prism being tested has a 
strength of 43 diopters. If the displaced portion intersects 

the marked line at 5, it is a 5 diopter prism, etc. . 


Two things must always be known about a prism: (a) its 
strength in prism diopters, and (b) the position of ita base. 
In teating heterophoria, the prism base is placed in the fole 
lowing positions: | 


1. Por exophoria, prism base in (toward the nose). 

2. For esophoria, prism base out (toward the temple). 

p° For hyperphoria, prism base down (toward the cheek). 
o For hypophoria, prism base up (toward the eyebrow). 


The appearance of the 
test chart when viewed. 
through a prism whose 
strength is 2 diopters, 
at a distance of 
exactly 1 meter. 


Pigure 2, 
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A STUDY OF ACUITY IN THE MESOPIC BRIGHTNESS. RANGE. IN RELATION 


TO REFRACTIVE ERROR 
Franklyn D. Burger, Mo. D. 


A preliminary study of civilian airline pilots had shown 
that a pilot's visual acuity rating when tested at fairly high 
light levels did not indicate what it would be in the mesopic 
range end had suggested a screening procedure which would serve 
in examining large numbers of:men. On the basis of this 
atudy, the present survey was carried out for the Bureau of 
Medicine and ‘Surgery of the Navy.°- 


Four hundred and ninety-eight mon were examined. - The 
procedure used, consisted of a test of visual acuity at 2h 
light levels between 0.0027 foot candles and 2.0 foot candles 
after preliminary dark adaptation. The light on the test 
chart and that on the man's eye was held at: the same level. 
Following this test, the.men were refracted for the highest 
plus power giving maximum visual acuity when combined with 
any minus cylinder required by the man's refractive error, 
Tests were also made of the phorias,. The rsults of these 
tests were analyzed and graphed by type and amount of refrac 
tive error. The resulting charts are in the process of prepa 
ration and further correlations are being MAGE e 


In general, this survey has shown that, in the light 
range tested, the best visual acuity is shown by those with 
& spherical error of three quarters of a diopter of hyperopia. 
Between three quarters of a diopter and one and thres quarters 
diopters of hyperopia the visual acuity at these low light 
levels remains about the same. and with more than two: diopters 
of hyperopia there is & slight decrease in visual acuity. The 
humber of subjects in the — values oe omearecsy too small 
for signif icence. 


With lese than three nuanters of a p> pe of hyperopia, 
the averege visual acuity in low illumination decreases 
gradually until emmetropia is reached and then there is an ~ 
abrupt drop as one quarter diopter of myopia is reached. At 
extremety low light levels thia rapid rate of decrease is 
maintained to values of myopia as high as one diopter while 
at intermediate levels of low illumination a plateau is reached 
at one half diopter of myopia which extends to one diopter - 
and then there is a second — drop in ee Mimonere 
aoulty. SSA 


The visual acuity tr Low: levels of 42lumination was 
found to vary with the amount of hyperopia present (consi dering 


a 
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myopia a¢ a nogative value of hyperopia). The presence of 
astigmatism in amounts up to one diopter was found to have 
but a slight effect on the visual acuity. It was found that 
if one recorded the visual acuity in terms of plus sphere 

and minus cylinder the visual acuity for these types of 
refractive error veried as would a straight spherical error 
which was the algebraic sum of the actual sphere and cylinder. 


With less than three quarters of a diopter of hyperopia 
some individuals, while by refraction hyperopes, under low 
levels of illumination show a visual acuity characteristic 
of myopes and for practical purposes must be considered as 
such under actual operating conditions, 


A few | men were run through the test et levels up to 
1000 foot candles but not enough of these tests have been 
done to do more than say that the results indicate a steady 
gain in visual acuity to a level of six foot candles, then 
a more rapid rise to 20 foot candles, thereafter a slow rise 
in all except myopes, and for all classes very little in- 
crease is shown above 100 foot: candles. 


The results indicate that a level of illumination and 
& level of visual acuity can be selected which will allow 
mass screening with a significant error in all probebility 
of less than five percent. 


Results with a smell number of active pilots indicate 
that judgment of distance may become inaccurate at these low 
levels of illumination as @ result of the development of ea 
temporarily effective state of myopia with an accompanying 
change in image size. 


The experimental work done has been of a practical nature 
merely accepting the eye as a working organ. There is however, 
evidence that the lowered visual acuity of low hyperopes is 
due to the development of sufficient spherical aberration 
on dilation of the pupil so that at low light levels the 
subject is no longer a hyperope but is a myope and that a 
basic non-cycloplegic hyperopia of et least three quarters: 
of a dilopter is necessary to prevent the development of such 
a condition of temporary myopia in ea sufficient number of » 
subjects to decrease the Svarege visual acuity of the groups 


A third and larger werkes! of men 18 now being run, with 
geonetrical rather than letter charts, at light levels of = 
from 0.00027 foot candles to 1000: foot candles. ‘The - J 3 
refraction of this group is being carried out in an examine «© 
ing room which was built to conform with the ba reg ge 
of the ay aes ae Resumat p Committee. } 


: : Re6xtdinery studies j on all “numbers of subjects indicate 
that fatigue, nervous tension, anoxia of mild degree and the 
use of the eyes for near vision, each and all act to increase 

the tendency of hyperopes to behave as myopes under low 
illumination and may at times operate to a degree of very 
considerable significance in lowering visual acuity and ine 
creasing errors in diatance judgment at a time when the 
accuracy of such observations may be of critical importance, 
It is planned to include some or all of these factors in the 
survey now being run. 


13. 
THE A. G. 0. RESEARCH PROGRAM ON ACUITY TEST CHARTS 


Calvin W. Taylor, Capt., AUS 


| A general plan for conducting various phases of research 
required in the visual examination project was developed by 
representatives of the Vision Committee in December and ap- 
proved within the Personnel Research Section, As G. Os The 
first phase of the project consists of a factor analysis 
study in which twelve proposed test charts will be adminis- 
tered under standard conditions in order to determine how 
many and what kinds of visual functions are measureable and 
the best tests for their measurement. In this phase, it is 
planned to test only far vision, no tests being included which 
require teating other than at a distance of twenty feet. The > 
test charts include five types: Letter Charts, Brightness 
Contrast Charts, Simple Resolution Charts, Form Discrimination 
Charts, and Grid Discrimination Charts.’ Tests will be scored 
on the total number of items correct, preceding three consecue 
tive errors. Various other kinds of a procedures will 
mans be studied. 


The experimental Gesign calle for administration of the 
twelve selected charts to at least one thousand soldiers. 
The order of the charts will be held constant with the excep- 
tion that each succeeding subject will begin one chart later 
in the series, this being done by inserting the chart: that 
was previously first, into the last position before testing 
the next subject. 


The first five hundred subjects will be retested on the 
entire series of the charts not less than sighteen nor more 
than seventy-two hours after initial testing. This will give 
sufficient data for investigating the reliability of each of 
the charts, On the first five hundred cases, factor analysis 
studies on both test and retest data will be performed and, 
on the second five hundred cases, a duplicate factor analysis 
will = undertaken to check the 96 sass on he first five 
hundred. 


Allied data that will be collected on each. sub ject tested 
include: age; AGCT Standerd Score; number of school grades 
completed; previous visual examination records; whether or 
not the person wears glasses; day of the week, and hour of 


Gay of tests and whether results are for test or retest. Only 


the left eye will be tested during the entire experiment. Each 
response will ve recorded as either right or wrong for all . 
test charts, and the total test scores for each subject will 
be submitted to the Surgeon General and to The Air Surgeon. 


It ie realiged that reliable data can be obtained only 
by having standardized testing procedures and conditions as 
well as standardized test items. Therefore, each visual test 
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included in the study will have standerdized practice problems 
and directions, and all testing will be carried on in rooms 
meeting certain specified conditions. A manual now being 
prepared will include test directions, procedures and condieg 
tions, and will be based upon the "Manuel of Instructions for 
Testing Visual Acuity” previously developed by members of this 
Committee, Each testing booth will be constructed and illu- 
minated according to specifications in the Manual. A standard 
cloth is being used to form the walls, ceiling and floor of 
each test booth, Automatic chart changers are being con<- 
atructed by Bausoh & Lomb Optical ‘Company and will be used 

for holding and*presenting each successive chart. 


There are several unsolved problems on which decisions 
must be reached before beginning the experimentation: 


i. Is the list of test oharts that have been senate 
for Phase I satisfactory and complete? 


2. Is the scoring procedure satisfactory or what other 
kinds of scoring systems might be studied? 


3. Is the practice problem satisfactory, for training 
subjects to guess? 


he In what manner should familiarization problems: ‘be 
presented for each chart, ise. (a) should the famil- 
iarization chart be in the. chart changer at twenty 
feet or (b) be held by the examiner at six feet away 
from the subject or (c) be given to the subject to 
read within his arm's length? 


5. Should the cloth covering the floor be of the seme 
color or a darker color than the cloth forming the 
remainder of the test booth? 


6. What type of lighting (overhead:or projected). should 
’ be used in each test booth, and whet illumination 
readings should be required at what places in each 
test booth? 


Discussion of the report was postponed until Wednesday —- 
afternoon when & special meeting ot those interested dM arrocese 
leans testing wes called. | | 


THE VISIBILITY PROGRAM OF THE NDRC 
CAMOUFIAGE SECTION : 


Dr. Arthur C. Hardy 
Formerly chief, Section 16.3, NDRC 


Dr. So. Qo Duntley 
Technical Aide, Section eae NDRC 


Mr. H. Richard Blackwell 
Formerly Research Associate 
NDRC, Le C. Tiffany Foundation 
Oyster Bay, New York 
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I. THE VISIBILITY PROGRAM OF THE N.D.R.C. CAMOUFLAGE SECTION 
Dr. Arthur C. Hardy (presented by Dr. S. Q. Duntley). 


Soon after the N.D.R.C. Camouflage Section was organized, 
the Corps of Engineers requested that a study be made of the 
fundamental optics of camouflage in the hope of establishing 
an engineering basis for the design of ground camouflage ine 
stallations. In response to this request a contract was 
placed with the Eastman Kodak Company for the design and 
construction of an aerial spectrophotometer (later known 4s 
the “spectrogeograph"). While this and other needed instru- 
ments were being prepared, the Section was requested by the 
Navy Department to supply information concerning the visibility 
of naval targets. After a search of the literature had dis- 
closed that usable data on the perceptual capacity of the 
human observer were not available, a large-scale program of 
visibility research was initiated by the Section. The follow~ 
ing papers are intended to present a collation of the results 
of those researches by the Section and its contractors which 
now enable the visibility of targets to be predicted. 


II. REDUCTION OF TARGET CONTRAST BY THE ATMOSPHERE ee ta 
Dr. 8. Qe Duntley .# 


An important principle of atmospheric optics, which appears 
to have been missed by other investigators, states that the 
apparent contrast (Cy) of a diatant target seen against a back- 
ground of horizon sky is related to theinherent contrast (C,) 
of the target when seen close aboard by the relation 


Cx = Cot: 


where T is the transmittance of a unit distance (mile, yard, 
etc.) of the atmosphere, and X is the distance of the target 
from the observer, The validity of this equation was tested 
by meesuring the epparent brightness of both black and white 
billboardetype targets erected by the Tiffany Foundation on 
the shores of Cold Spring Harbor, Long Island, N. Y. Both 
photoelectric and photographic telephotometers were used. 


When a target is seen against a background whose brighte- 
ness differs from that of the horizon sky, the apparent 
contrast of the target is related to its inherent contrast 
by the relation nation | 
% K eomplete discussion of the topic will be found in the 

Summary Technical Report of N.DoR-Co, Camouflage Volume. 
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By 
62. 1+ 5, (T°* - 1) 


where By is the brightness of the horizon sky in the direction 
of the target, and By is the brightness of the background. 


From laboratory studies on visibility point sources were 
found to be visible day or night whenever they produce a 
certain minimum value of illumination on the pupil of the 
observer's eye, the required value of illumination depending 
upon the brightness of the background against which the point 
source is viewed. The illumination (E) is related to the 
intensity of the source (I), its distance, and the transmittance 
of the atmosphere by the relation 


E = i px, 
x2 


A nomographic chart representing this reletion is shown 
in Figure 1. Each curved line corresponds to a decimal value 
of adaptation brightness expressed in footlamberts. Place 
a straightedge across the chart in such a manner that it 
connects the appropriate value on themeteorological range 
scale with a point on the intensity scale corresponding to 
the candlepower of the signal light. Where the straightedge 
is intersected by the appropriate curved line, move straight — 
up or straight down to the scale of target distance. 
value read on this scale will be the distance at which the 
signal light is liminally visible. 


III. LABORATORY STUDIES OF THE VISIBILITY OF TARGETS 
H. Richard Blackwell 


A. Introduction. 


As a portion of the program of the Camouflage Section of 
NDRC, experiments were conducted at the Tiffany Foundation, 
Oyster Bey, New York, to establish the human capacity for 
visual detection. The experiments were designed to simulate 
field conditions with provision for precise control over the 
variables known to be relevant. It was desired that visual 
funotions be quantified so that the capacity of the human 
observer could be treated as one of the known variables cone 
tributing to the visibility of targets. 
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LIMINAL TARGET DISTANCE (YARDS) 
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Exect data were required for a wide range of experimental 
conditions. Sky brightnesses vary 10 billion to 1 under 
ordinary conditions. “Targets vary in size from signal lights 
to land masses. ‘Equivalent. variations are encountered in target 
contrast and shape and in the time during which an object is 
in the visual igs 


Provisions were made, +h dicaichdcee for the accumlation 
of large numbers of data. During two and one-half yeers, more 
“than 2,000,000 observations: of Depo) cgay were made under Jabora= 
tory condi ttons. : 


B. General Experimental Conditions. 


A laboratory was constructed at Tiffany, designed especially - 
to permit the rapid accumulation of ‘experimental data. A ply- 
wood structure’ was installed within an existing framework, 

The ‘main portion of the plywood structure was theiliuminated 
room in which observations were made. ‘Observers were statianed 
at the rear of the ‘room who scarred the opposite wall, 61 feet 
distant, on which the targets were always produced. Eoauipment 
for controlling the brightness ‘of ‘the observation room and for 
produc ing the | Seah bey Was oe heen tas je the contro} room at 

hogs POOP B09 | 

In order to fdcilitate rapid a Saibuln td’ of data, simul 
taneous observations of each target presentation were made by 
nine observers.” An 6xperimental session consisted of 420 
target presentations, in which ‘screen brightness and target 
size were maintained constant. The experimental variable was 
the contrast between the target and the surrounding field. 
Five fixed contrast values were presérited in random sequence 
and the observers were required in each case to attempt to 
detect the target. The probability of their success in detes- 
tion was a function of the contrast of the target. A graph 
of probability of detection ard contrast is°shown in Figure 1. 
Typical data are fitted by a curve which is simply the integral 
of the Gaussian distribution. “Reading from ‘the curve, we see 
that a change in contrast of btol eorreaponds toa change 
An? Yael of Ae test tort” if pu 98h: Ao ae LSD 


A aiid efay Pecording spetas "es deve ldped! in order to 
obtain the data necessary for constriction of probability > 
curves foreach of ‘the observers, ‘For most experiments, 
targets of circular shape were projected onto the observation 
screen from the main’ éontrol room ‘Interlocking electrical - 
controls were developed so ‘that the°sheractéristics of the 
target, such as” dothidea its location on the screen, 

j were indicated at the master récording panels at all times. 


The observers were seated in upholstered theatre chairs, 


“pte “the. arms ee whi ch: eere: mounted. 'dfala: ‘used ein indicating 
Bis os OSIO Ms et 
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their judgment concerning the target. The dials were appro- 
priately wired so that continuous records of the judgments of 
each of the observers were availablie on the master recording 
panels. 


The recording syetem made possible, therefore, immediate 
composite records of all pertinent information concerning an 
experimental trial, including the brightness and location of 
the target and the judgments of each of the observers. Permanent 
records were made from the master panels for each of the 200,900 
experimental trials conducted, 


Each experimental session consisted, therefore, of 3,000 
observations in which the probability of detection of a target 
of given size was determined as a function of its contrast, 
with a specified screen brightness. Data are available for 
each observer in the form of a probability curve. The threshold 
contrast for each observer is defined as the contrast corres~- 
ponding to a probebility of detection 50% greater than at- 
tributsble to chance. This procedure was selected because 
the probability curve is most sensitive at the 50% point. 


Because of the finite number of possible responses in a 
laboratory experiment, there is always a calculable probability 
of detection resulting from chance alone. For example, if : 
observers were asked to ascertain whether a target was in the 
top or bottom portion of a screen, they would make 50% correct 
judgments on the basis of chance. The actual probability of 
detection due to visual cues could be computed by allowing for 
chance successes, In this case, the probability 50% better 
than chance would correspond to 75% correct judgments. Hence=- 
forth in this discussion, probability curves will have been 
corrected to account for chance success, 


The Arithmtical Mean of the threshold contrasts of each 
of the observers is taken as the most reliable measure of the 
threshold of the group. The group threshold contrast is, 
obviously, above threshold for some observers and below threshold 
for others. Figure 2 illustrates this fact. The probability 
curve for the group is plotted as the central curve. The group 
threshold contrast of 1.0 corresponds to a probability of 
detection for the group of 50%. The curves bracketing the 
group probability function represent the least and most sen- 
sitive observers in the group. This is a record of an actual 
experiment, typical of the kind of differences which exist in 
a group of selected observers. It is apparent that the group 
threshold contrast can be detected by the worst observer with 
a probability of only 20% and by the best observer with a 
probability of 70%. - 


Iaterrogation revealed that observers have no confidence 
in their judgments unless the contrast is greet enough so that 


nl 
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they are making 90%, correct. judgments... It.is.very. striking 
that. observers can bs. responding correctly. on 75% of. target 
presentations without. feeling confident. that. they have "seen" 
a single target.. This. fact. emphasizes that. the Tiffany 
threshold contrasts are substantially. smaller than would have 
resulted with the. same obsenyens. under field conditions. 


From this analysis,’ we. may conclude. isk. usually none of 
the observers had.any. confidence of success when the target 
contrast was equal. to. the group.threshold contrast. They 
were trained in the. laboratory to record their hunches and of 

» these, a Jarge percentage proved, to, be correct. 


As we. have seen,, the.selection. of. cur..threshold. criterion 
was at least partially. the result of precision considerations. 
Fortunately, a simple correction. can. be. applied if a different 
criterion is desired. Insofar, asthe. slopes of the probability 
curves are the, same for. all. experiments, conversion can be made 
from one probability level. to. another, by,.a sizple manipulation 
of contrast. Elaborate statistical treatment. has been made 
of more than 1,500. indi yiduel probability. curves to determine 
the constancy of their. slopes... The slopés.of the individual 
probability. functions usually fell within the limits of the 
dark area shown in Figure 3. the. extreme. range.. of slopes is 
indicated by the, dashed. curves... It is apparent that the error 
introduced. by foes a. ‘constant slope, for the. probability 
function is. not.of mi itary. significance. . In, order. for 
threshold contrasts. tobe. seen, with certainty,on the average 
by the group of observers, Po factor, of two. must: be, ‘applied. 


Preliminary. experiments. at. ‘the a frany Founde tion indicated 
that visual functions are extremely well defined if large 
numbers of observations are made under controlled conditions. 

It became evident that the precision of ordinary photometric 
measurements. was. less. than the precision of the visual obser- 
vations. For this. reason, elaborate photometric APSE THA 
were used in the. final Tiffany experiments. v7 


Photometric. ‘Quantities were ‘defined 4n terms of. a - 2850°K 
standard by photopic evaluation. “Special Laboratory. tech= 
niques . were devised, which. . It. possible for, surface bright- 
nesses as small as. 1x Aone footlamberts. to. be. evaluated at. 
brightness, levels, not less than 1 x. 10-1. footilamberts. At 
least. two independent SRAM ARP RES RATS, nade, Of,. each surface. 
brightness. 
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Ceo He di nen tal Results. Program I 


The first, extensive, program,.conducted, included more. than 
250, 600 observations,...A.circular target was projected onto. 
the. observation. screen. in one, of eight possible. locations... 
A small orientation. point .was provided the observers at the 
p center. ofthe circle.on. whose, circumference the, targets were 
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located. The observers were given a six-second period in 
which to locate the target and to report its position. The 
results’ are presented in Figure .. The logarithm of the group’ 
threshold contrast is presented as a function of the logarithm 
of the brightness of the observation screen for each of five . 
target sizes, These curves show two interesting facts about 
visual capacity: At high brightnesses, and especially for. 
large targets, contrast becomes a constant valus with respect 
to brightness level. For a 2° target, for example, there is 

no substantial difference in the threshold contrasts for field 
brightnesses varying from 100 to 1 footlamberts. It can be 
assumed that extrapolation to higher brightnesses is permissible. 


- Bach of the curves shows a discontinuity at approximately 
5 x 10°3 footlamberts. It 1s assumed that the two types of 
sensory receptors in the eye are responsible for the two por= 
tions of the curves. Since the observers were allowed to 
search for the targets as they chose, it would be expected 
that a discontinuity would occur when they changed from foveal 
to parafoveal vision. Interpolations are presented in Figure 5, 
The logarithm of the group threshold contrast is plotted 
against the logarithm of the angle subtended by the target. 
Curves are presented for brightness levels ranging from the 
darkest night to & moderate day-time level. Extrapolation to 
higher brightnesses would be permissible because contrast is 
so nearly constant for change in brightness. A further manipve 
lation of the data is presented in Figure 6. Target area is 
plotted against the total physical energy required for threshold 
detection. It is interesting to notice that there is little 
difference in the threshold total flux for brightnesses vary-= 
ing from 1 x 10-5 footiamberts to total darkness. 


Program me 


More than 125,000 observations were made to determine 
whether clrcular targets darker than their background have 
visibility equivalent to circular targets brighter than their 
background of corresponding contrast. The procedures were ~ 
substantially the same as those previously described. The 
results are shown in Figure 7. The solid curves represent | 
- Gata for bright targets and the points represent experimental 
values for dark targets of the same size. It can be cone 
cluded that over the range at which dark targets exist, their 
visibility is not significantly different from that of core 
responding bright targets. 


Program em 


In the experiments previously described, a relatively 
short time was available for the observers to search for the 
target. The experimental conditions were considered similar 
to many of the most pertinent military situations. There are, 
however, military situations in which there is almost unlimited 
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time to search. Accordingly, 90,000 observations were made 
in which the observers had sufficient time to permit maximum 
probability of detection. The circular targets were presented 
in a fixed position, known to the observers. The observers 
were required to judge whether or not they detected the 
presence of the target. Presentations were interspersed in 
which a target was not shown to permit proper solution of the 
probability of detection curves. 


Analysis of the earlier experimental programs indicated 
the need for targets larger than 29 and smaller than 3 minutes. 
On the other hand, analysis indicated that there was no 
necessity for investigating further screen brightnesses smalier 
than 1 x 10°5 footlamberts., Further, the large number of ob- 
servations made previously to determine the nature of the dis- 
continuity in the visual functions made it unnecessary for 
similar investigations to be made in this supplementary program. 
The results of the study are presented in Figure 8 Interpola- 
tions are shown in Figure 9. : 


Each curve exhibits a linear portion for small visual 
angles, corresponding to the fact that the product of area and 
target brightness ie a constant. For the linear portion of 
each curve, targets are effectively "point sources", that is, 
the same visual effect is obtained by doubling the area or by 
doubling the brightness. The point at which each curve de- 
parts from linear corresponds to a fundamental property of the 
human eye. "Critical visual angle" is defined as the angle, 
at which the relationship of area x brightness = a constant 
ceases to exist. “Critical angle” is rotted as a@ function 
of field brightness in Figure 10, . It is apparent that this 
curve is similar in shape to the curves relating threshold 
contrast to field brightness. 


.. Interpolations, indicating the relation between field 
brightness and visual angle for various values of contrast 
are exhibited in Figure 11... These curves show discontinuities 
which indicate the change between foveal and parafoveal vision. 
For nigh contrasts the. curves are parallel, indicating that 
area x brightness = 9. constant... 


It is interesting to consider thet the smaller a target, 
the more efficient is the use of physical energy. This is 
| shorn by. plotting the inverse of total flux, as in Figure 12. 
= Maximum efficiency is obtained for increasingly large targets 
| at increasingly small. ficld.of brightnesses. This corresponds 
to the fact that. larger targets are below the "critical sngie" 
. for smaller field brightnesses. 


Program IV 


A program was undertaken to determine the effect of shape 
upon the visibility of targets. Experiments were designed 
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specifically to test the plausibility of the following theoreti- 
,cal treatment proposed by Professor Hardy: If a target is 

small enough so that it 1s below the limit of resolution of 

the eye, its shape has no influence upon its visibility: Under 
these conditions, minimum physical’ energy is required. In 

other words , maximum efficiency is obtained. If one dimension 
of sucha "point source” target ia maintained below the limit 

of resolution, and the other expanded, a loss in efficiency 

wlll be obtained. Presumably, . similsr data will be obtained 

if the opposite dimension is expanded. The efficiency of a 
square target, one which expands in both dimensions, is the 
product of the efficiency of the horizontal and vertical 
components. Conversely, by taking the square root aot efficiency 
for squere targets, efficiency for a “point source” target 
expanded in one dimension can be’ obtained, , 


This treatment makes it possibte for the errr es 6f°. 
targets of irreguiar shape to be computed from visibility data 
obtained with square targets. Experimental evidence reveals 
that square and circular targets of equal area have equal 
visibility. It is, therefore, possible to evaluate: the 
visibility of targets of irregular shaps from the experimental 
data poeseri bed previously. Effictency finctions are produced 
for "point source" targets expanded in’ one dimension. The 
efficiency of an irregularly shaped target 1s computed from © 
the efficiency of its horizontal and vertical components. 
These data can. be transformed into contrast units» 


Theoretical predictions of the visibility of rybepiad 
targets are presented in Figure 14. The concept "form factor" 
is defined as the threshoid contrast of an irregular target 
divided by the threshold contrast of a circular target of 
correspond ti ng area. It is apparent that the magnitude of the 

"form factor" attains a maximum at increasingly large ABH gay 
for Increasingly small’ field brightnes ses, 


Experiments were conducted to verify the webs t4Gal 
predictions. Critical points at 10 and at 1 x 207? foot- 
lamberts were investigated. Agreement was adage dt eit 
the experimental error of observations» d 

- It is apparent that the experiments sbbaxdeld aoe a wide 
range of experimental conditions. Field brightnesses have © 
been investigated ranging from 100 footlamberts to total’ ~~ 
darkness, Target sizes have been ‘studied ranging from 360 to 
0.6 minutes of arc. Shapes have teen investigated from circles 
to 100:1 rectangles. Exposures have been tested from six- 
seconds to indefinitely long time. Studies have been made © 
of targets both brighter and darker than the Re A 
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D, Comparison “ith Other Data 


During the war, research programs were conducted else- 
where in which various portions of these conditions were 
investigated. Excellent agreement is obtained between these 
experimental data and the Tiffany results reported today, 
when allowances are made for differences in experimental 
procedure, 


A study of dark targets at low brightnesses as made by 
the Dartmouth Eye Institute, under contract with NDRC, Section 
16.1. The observers were allowed a six=-second period in which 
to locate a target presented in any of four possible positions. 
Tiffany data are available in which nearly identical experi- 
“mental conditions were used. Excellent agreement was obtained, 
as is shown in Figure il. 


Observations have been made at the University of Rochester — 
and at the Naval Research Laboratory in which the observers 
had an indefinitely long time to search for the target. In 
each case, the observers adjusted the stimulus to a fixed point 
on the probability function. Agreement between these data 
and the Tiffany data with indefinitely long search can be 
obtained when allowance is made for the difference in experi- 
' mental procedure. 


The Tiffany probability curves were used in determining 
the correction to be made in order to bring the data into agree- 
ment. A factor is computed by which Tiffany contrast values 
must be multiplied to compensate for the difference in proba-~ 
bility at the threshold. 


In the case of the Rochester data, excellent agreement 
is obtained when the appropriate correction is made. Figure 15. 
These data represent ft careful wi or of the brightness 
range between 1 x 1074 and 1 x 10°° footlamberts. 


The NRL data are in excellent agreement with corres- 
ponding Tiffany data after allowance has been made for the 
diff3rence in probability at the threshold. Figure 16. Ex- 
tensive investigations were made with a 1 minute target for 
a wide range of field brightnesses, one 


A study of dark targets at low brightnesses was made by 
Brown University, under NDRC Section 16.1, utilizing a 3C-second 
search. This represents a condition intermediate between 
Mffany 6-second data and Tiffany data with indefinitely long 
search, . Otherwise, however, the procedure at Brown corresponded 
closely with that at Tiffany. The Brown data are well fitted 
by the most appropriate Tiffany contrast values after approxi- 
mate sllowance has been made for the difference in search time. 
Figure 17. 
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In conclusion, an extensive body of experimental data 
has been reported. The precision of the Tiffany results and 
the excellent agreement between data obtained at various 
laboratories makes it possible for the human capacity for 
visual detection to be considered a well-determined vsriable 
contributing to the visibility of targets. 


IV. THE CALCULATION OF LIMINAL TARGET RANGES 
Dro Se Qe Duntley* 


From the outset of the researches on visibility by the 
N.D.R.C. Camouflage Section, it was the basic plan to seperate 
the study of the limitations upon visibility imposed by the 
atmosphere from the study of the limitations on visibility 
imposed by the properties of. the human eye. The former were 
- studied outdoors by means of physical measurements; the latter 
were studied indoors by psychophysical methods under conditions 
which were carefully controiled. In order to predict the visi- 
bility of naval or military targets, it is neceasary to combine 
the information so obtained. This can be done by calculations 
using the method of successive: approximations. Such calcula- 
tions are impractical for routine use because of their time- 
eonsuming nature. A simple type of nomographic chart illustrated 
by Figure 2 has been evolved for avoiding the calculations, 
and a set of such charts has been constructed for circular and 
rectangular targets at all levels of adaptation brightness 
from full daylight to darkest night. The nomographic visi- 
bility charts will appear in the forthcoming Camouflage Volume . 
of the Summary Technical Report of N.D.R.C. 


VY. THE EPFECTS OF THE ATMOSPHERE ON THE PERFORMANCE OF ORTICAL 
INSTRUMENTS 
Dr. A. Ceo Hardy 
(presented by Dr. S. @. Duntley) 


Telescopes and binoculars are used for two distinct types 
of visual tasks: (1), to enable objecte which are visible 
to the naked eye to be seen better; and (2) to enable distant 
ob jects to be sighted at a greater range than is possible with 
the unaided sye. When used for visual tasks of the first. type, 
the atmosphere imposes the same limitation whether an optical . 
instrument is used or not. In this case, the effect of a 
perfect instrument is to meke ths image appear M times larger, 
where M is the magnifying power, This is not equivalent to 
making the object appear M times closer, because the atmos- 
pheric effects are still present. 


%* A oomplete discussion of this topic will be found in the 
Summary Technical Report of N.D.R.C., Cemouflage Volume, 
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This paper was concerned primarily with optical instru- 
monts used for visual tasks of the second type; that is, for 
searching for objects too distant to be seen with the naked 
eyo. If no atmosphere were present, binoculars having a 
magnifying power M would enable an object to be seen M times 
further away. However, the effect of the atmosphere is to 
decrease the apparent contrast of the target as the target 
distance increases. Therefore, the amount by which even perfect 
binoculars can increase the sighting range depends upon the 
manner on which the eye of the observer is willing to "trade" 
the increase in:'apparent size for a decrease in apparent 
contrast. An equation showing the increase in range afforded 
by perfect instruments under the most favorable conditions was 
presented. Two different graphical representations of the 
equation were shown, and typical cases were discussed. It 
was concluded that even the small amount of atmospheric haze 
encountered during what is commonly called “clear-to-very- 
| clear weather" reduces the amount by which binoculars increase 
| the sighting range to a value far below ordinary expectations. 
| The equation also indicates that except in extraordinarily 
clear weather or in the case of objects liminally visible to 
the naked eye at only very short distances, relatively little 
is to be gained by instruments of high magnifying power over 
instruments of low magnifying power, 


VI. VISIBILITY OF TARGETS ON THE GROUND # 
Dr. S. Q. Duntley 


In this paper, which was not presented because of lack 
of tims, the equations describing the reduction of target 
contrast by the atmosphere were extended to include the case 
of light traveling through the atmosphere along slant paths. 
In so doing, an optical. standard atmosphere has been assumed, 
but methods have been developed which enable non-standard 
atmospheric conditions to be dealt with. The nomographic 
visibility charts presented in an earlier paper can be used 
to predict the visibility of targets on the ground provided 
‘the data entered on the chart are properly adjusted in ace 
cordance with the laws of the ettenuation of contrast by 

the atmosphere along slant paths. By means of data on the 
reflectivity of natural terrains secured with the spectro- 
geograph, it is possible to approach the design of camouflage 
by engineering methods. 


*% A complete discussion of the topic will be found in the 
Summary Technical Report of N.D.R.C., Camouflage Volume. 
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DISCUSS TION: 


Dr. O'Brien commented upon the performance of optical instru- 
.ments as reported by Dr. Duntley. He emphasized that in prac- 
tice there are many conditions in which clear atmosphere and 
small targets exist, for which the range of detection is 
markedly increased by the use of binoculars. 


Dr. Duntley reiterated his belief that under many conditions 
a low-power binocular would be very useful in search. He 
emphasized that high-power binoculars are extremely useful 
for obtaining a “better look" at a target which has already 
been detected, but that the evidence reported in his paper 
indicates a discouraging increase in threshold range with 
binoculars under many conditions. 


Comdr., Ballard commented that both the Germans and the Japanese 
employed optical instruments with much higher magnifications 
than those used in this country. , 


Col. Alexander reported that he had attempted to use some of 

e high magnification instruments developed by the Japanese 
under field conditions. He commented that the heat waves 
rising from the deck of the ship were the only objects clearly 
discernible through the instrument. 


Comdr, Ballard agreed that the Germans had decided that ex- 
tremely high power optics were not worth the cost in manpower. 


Dr. Duntley cautioned the members against interpreting his 
remarks to apply to cases of serial observation. He emphasized 
that report dealt with horizontal atmospheric scattering only. 
The final paper which had been scheduled, but which was not 
delivered because of lack of time, concerned vertical atmse- 
pheric scattering. 


In response to a question concerning evidence on the . 
increase in threshold range resulting from color filters, 
Dr. Duntley emphasized that in general brightness contrasts 
dominate naval problems. The small color contrasts which 
are available can be neglected for most cases, especially 
for the long ranges usually encountered. Although special 
effects are sometimes possible through color filters, in 
general the effect of a color filter can be reduced to its 
effect in enhancing brightness contrast. 


Dro er emphasized the difficulty in applying the visibility 


aca obtained at Tiffany because of the inadequacy of present 
field methods for determining the condition of the atmosphere. 
The nomographic charts presented by Dr. Duntley emphasized 
that under many circumstences the most critical factor is the 
state of the. atmosphere. 


ee 
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Dr. Tousey commented further that under many circumstances 
the atmosphere is extremely clear, in which case binoculars 


are often useful even for increasing the range of detection 
of targets. 


Dr, Hartline expressed the belief that the binocular studies 
Conducted by Section 16.1 in the laboratory, together with the 
treatment of atmospheric effects formulated by Section 16.3, 
might lead to a solution of the prodlem of binocular perform: 
ance in the field. He emphasized the difficulty of inter- 
preting fectors such as binocular vibration but indicated thet 
basic visibility data, such as the Tiffany data, were useful 
in evaluating the effect of vibration in terms of the smearec. 


retinal image. 


Dr, Neuberger asked whether data were available concerning the 
visibility of moving targets. 


Mr. Blackwell reported that no such investigations had been 
made at Tiffany. He felt that an answer would be available 
when investigations were made to determine the relation 
between target exposure and threshold contrast with targets 
at various points in the visual field. He stated that the 
mere fact of motion would probably not prove important in 
determining the visibility of targets. 


PRELIMINARY REPORT ON FIELD TESTS OF 
OPTICAL INSTRUMENTS 


Lt. (jg) W. S. Verplanck, USNR 
Medical Research Department — 
U. S. Submarine Base 

New London, Connecticut 
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PRELIMINARY REPORT ON FIELD TESTS OF OPTICAL INSTRUMENTS ) 
W. S. Verplenck, Lt. (jg), USNR 


Since analysis of the data which were obtained in the 
experiment. is not complete, the results cited in this report 
are not to be taken as final. It is our business now to 
describe the methods employed, to indicate the scope of the 
work accomplished, to report preliminary results obtained, to 
outline the full analysis proposed, and to evaluate the pos- 
sibilities of field tests such as this. 


The original plan of the tests called for work on six 
problems: 


(a) Optical instruments for night use; shore and floating 
targets. 


(b) Optical instruments for day use; shore and floating 
targets. 


(c) Optical instruments for day use; aircraft targets. 

(a) Daylight sky scamming eeocedaress 

(e) Use of neutral and color filters for "haze penetration". 
(f) Miscellaneous experimental problema. 


Of these, parts (a) and (b) have been performed, and the 
data are being analyzed. Parts (c) and (ad) have been dropped 
because of operational and personnel difficulties. Part (e) 
is now being run, and of the several items combined under (f), 
some were assimileted in (a) and (b), some were performed — 
separately, and some were dropped, . 


This report will cover part (a) only. 
Procedure: / 


. The procedure followed in the night trials of optical 
_-dnetruments consisted primarily of the maintenance under ob- 
servation of a series of targets by cbservers posted on the 
wRLeee of a DE, each MaLNG a different binocular or telescope. 


Runs were made from ranges between six thousand and nine 
thousand yards, and from two directions, on‘a structure in 
Gardiner's Bay at the eastern end of Long Island, and on a 
. submarine and SC stationed beyond it, one on each course. 
Several square black or white targets of varying size were 


erected on the top of the structure. 
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On each run, the observers reported | in terms of three 
criteria of seeing: (a) when they first "glimpsed" each target 
(corresponding to s low frequency of seeing), {b) when they 
could see it all the time (high frequency of sesing), and (c) 
when they were able to positively identify it aa the target 
in question. Responses were recorded in terms of the time 
elapsing from the beginning of the run, and were readily 
transposadle into range by reference to regularly kept radar 
ranges and bearings, and to a DRT plot of the ocourse run. 


All night runs were made on thoonless nights, without 
respect to clouc coverage, and in visibilities ranging from 
unlimited down to 4 miles. Operations were cancelled in 
extremely hazy, rough or rainy weather. 


Six observers were posted on the signal bridge, and three 
on the gun deck immediately below, In trialea of a given set 
of instruments, each of the six men on the signal bridge used 
each of six instruments in rotation over six runs. Simul- 
taneously, the three men on the lower bridge rotated through 
two sets of threes instruments each. In consequence, in six 
runs, 9 to 12 instruments could be tested simultaneously, each 
balanced with respect to cbservers, and all undsr a single set 
of conditions. 


On each run, recording wes performed by. tinier of the 
group which observed on the foltowing run. In this way, the 
sub jects observed during one 35-/,0 minute run, and recorded 
during the next, This alternation facilitated scheduling and 
ensured adequate rest for the observers. 


Table I lists the binceculars and telescopes which were ~ 
tested in the night runs, togetherwith information on the 
manner in which they were used. Table If lista the number 
of nights on which operations took place, and Table Ii8 the’ 
sets of comparisons made during the night runs on which deta 
will be forthcoming. 


Statistical Methods 


One student of the field has listed 60 (an dndavastt ata 
in all probability) variebles entering into performances such 
as these, The anelysis of variance design permits the partial- 
ling out of sources of variability extraneous to those under’ 
investigation. The Latin Sduere design was therefore followed, 
and the hendeheid 7.x 50 x 7.1 Navy binocular was included in 
each square as a standard reference with which each other | 
instrument compared. This method made possible a comparison: 
on @ single set of six runs of five instruments with the basie 
7 x 50 x 7.1, with subject variance and run variance eliminated 
for this par¢tculer comparison. In six runs then, the full” 
statistical analysis is obtained on each target on which results 
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are complete; these target by target results in turn are sum- 
mated. A final step, to be taken when analysis of separate 
squares is complete, will synthesize results from square to 
square, taking into account differences in findings between 
squares owing to visibility, persornmel, wind, cold and other 
relatively uncontrollable variables. 


FPigure I is a single raw data sheet, copied exactly as 
it was turned in by one subject on one run. The data them- 
selves, consist in the numbers of 15-second intervals inter- 
vening between the beginning of the run, and the subject's 
report of having spotted each target to each criterion of see=- 
ing. Those values are transcribed by means of range sheets, 
which give the range in yards of the targets at 30-second 
intervals, into actual ranges, and are then entered on statis- 
tical analysis sheets, of which there is one for each target. 
One or two items of data are found missing from the raw data 
sheets, due to failure of the subject to see the target, or 
to report it if seen. Such gaps in the data prevent statis= 
tical analysis of all results on the target missing, therefore 
@ procedure has been set up to take them into account. 


Certain of such missing values are filled in on the basis 
of the meen proportional ranges for all targets and ali sub- 
jects in the square of “first glimpse", "100% seeing", and 

positive identification", If "first glimpse" range is taken 
as 100%, the latter two ranges closely approximate 75% and 3 
622% respectively. Three criteria were applied in uaing these 
fillein values. No values were filled in from those of more 
demanding criteria of seeing. Finally, of course, no values 
were filled in from one target to snother,. 


The completed data on each target are next statistically 
treated, so thet inter-subject, inter-run, and inter-instrument 
variance are separated out, and the error variance, that is, 
the variability not attributable to these three, obtained, 

From the mean ranges, and the error yariance the standard 
error of the difference is obtained. For each instrument 
thres. estimates of superiority or inferiority to the 7 x a> ree d 
are now made’, and the value of the statistical constant 

* These eatimates are made as follows: 

(1) ¢ = (My - My x 509)/ SE aiff. (where Mis the mean range 


ie ene™ on a given target by binocular B and by the 
x 50. : 

(2) ¢.= (Mg = 2 is My x 50)/ SE diff. 

(3) t = (Mp - 1.25 Mp x 50)/ SE diff. 


In other words, the performance of the 7 x 50's is besothetio- 
ally varied. The hypothesis may vary, of course, with the per- 
formance of the binocular, 9.g., in the case or an inferior 
binocular, the hypotheses were .50 M 7x50 and .75 M7x50. 
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for each such difference is computed. This "t" value isa 
meaaure of the reliability of the difference. The probabilities 
of occurrence of these three values, obtained on each criterior 
of seeing, are now plotted on  eoengigere gt paper, and a straight 
line is drawn, 


Thus on a single sheet of probability paper, there are 
plotted for a single instrument a series of straight lines 
giving estimates of the instrument's performance on each target, 
and. to each criterion of seeing, with respect to the 7x 50 x 7 
binocular, This short-cut gives us'an immediate svaluation 
of the probability of all possible relative performances on 
each target and to each criterion. 


This plot, on a large number of equares has consistently 
ehown that "first glimpse" and “100% frequency” of the largest 
target, the fort itself, behave differently from the remainder 
of the targets. Therefore they were not included in the 
analysis reported here but are reserved for treatment when 
the sightings of the submarine and S&C have been similarly 
analyzed. 


Now at 10% intervals along the abscissa, values of "t" 
corresponding to the interpolated probabilities read off the 
graph Gre avereged, and the probability of this average *t" 
ia now looked up in av"t" table, so that a single curve 
representing data on all the targets to each eriterion of 
seeing can be drawn for each inatruments, Figure II gives sets 
of such curves for two different squares. 


The abscissa gives the percentage of the basic Fox 50 
reference range about which we ask a question: What is the 
probability that binoeular X will give oe range 50% greater 
than that given by the 7 x 50? The ordinate gives the answers: 
93 in 100 that the’ 20 x°120 will do so, Sl in: 100: for the 
25 x 100, 21 in 100 for the 10 x 80, 8 in 100 for the 10 x 70; 
5 in 100 for a 21% » gaa tak and 1000. + in 100 for the other 
instrument a, 


This procedure je dbadaraty involves a great burden of 
statistical work = at the present time, 8/9.of. the calculations 
for thie basic treatment are completed, but. several thoueends 
of linear and summary graphs must be done. 


However, calculations and plots are complete on eight of 
the twenty-six 6-run squares. In Table III are given the .50 
probability ranges of the prong tana tested in these aquares: 


Bach square, itis obvious, does not give. the same estimate 
of a binocular's performance. There are ample reasons for 
such variacility from square to square, and these wi il be 
teased out in the final analysis of the data, 
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Obvious sources will include: 


(1) Visibility (a high power instrument will suffer relative 
Reyes to the 7 x 50) 
(2) Wind i ae ke on the windward side will perform less 
1 


wel 
(3) Observing group 


Preliminary Results: 


It has been possible to make certain preliminary analyses, 
pending completion of the basic statistical program outlined 
above, . 


Visibility: Visibility data are summarized in Table Iv. Mean 
values for all targets give 25% greater range for B visibility 
over C, and 50% greater ranges for A over C. 


Analysis according to visibility is still, however, far 
from complete, and no final values may be given. 


Courses: Data on the courses are presented in Table V for two 
Visibility conditions. There are insufficient data in B 
visibility to permit analysis. 


Analysis on all targets shows no difference between the 
courses under A visibility, and a slight but insignificant 
(.307) difference under C visibility, in favor of the .965 
course, These data indicate that horizon lights did not 
provide invalidating cues to the observers, since the lights 
are worse on the Constellation Rock course than the .06 
courss, anc since they played no role under C visibility. 


Again, a more complete analysis will be made. 


Vibration: All runs were made at 8 = 9 knots, with the excep- 

on o ose in which vibration was desired, These last were 
made at 17 knots, which yielded a maximum perceptible vibra- 
tion. High speed out down 7 x 50 x 7.1 HeH~ binoculer ranges 
to 50% and even 25% of their value on the slower relatively 
vibrationless runs, 


Search: It has been anticipated that our data on search for 

and SC might be invalidated by reason of the narrow 
aro within which the targets appeared (seldom further than 5° 
from the bow). In ho py aed the submarine was si gnted at 
the 100% criterion at 2,650 yards (+ 670 yards) and wes 
“positively identified" at 2,310 yards (+ 670 yards). ‘The 
former value may be compared with the 2,610 yard average of 

"sure sightings” obtained under comparable brightness, 

speeds of closing, and target angies, by Comdr. D. R- E. Brown. 
Again, analysis 1s far from complete. 
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SS 
pe of 7 x 50 x Binoapiars? The data given in Table III 
on six x noculars cate the extent of this problem. 


The ied dines is & little pea piare by these results, since, by 
chance, the best binocular was used as the reference binocular. 
Individual 7 x 50's vary more than would be expected. Neverthe- 
less, these differences should correlate with optical properties 
of the glasses, They must also be taken into account in evalu-e 
ating the resuits of each square. 


Exit Pupil: The dark adapted pupils of the observers were 
Saree by Dr. Irving Wagman of the Johnson Foundation. These 
6 mon averaged 6.83 mm with a standard deviation of 1.03 mm. 

The range was from .6 mm to 8.9 mm. These data offer an op- 
portunity to evaluate calculations which have been made on the 
relative advantages of 5, 7, and 8 mm exit pupils for observers 
of varying pupil sizes. 


Neked Eye: Data available to date on the Siide eye show ranges 
approximately 0% of the hand-held 7 x 50 x 7.1 binoculars. 
Here again, the reaults of Comdr. Brown's field data are 
duplicated. 


Comment Sheets and Rating Scales: At the end of each run, 
each observer was asked x mark as excellent, good, fair or 
poor, the instrument which he had just used with respect to 
several possible standards, These have been tabulated, 
instrument by instrument, and the percentage of responses in 
each category determined. A. summary score for each instru- 
ment was obtained by a simple formula, and an order of prefer- 
ence established. 


Several days after the end of the October series, 2); men 
who had used a wide variety of binoculars and telescopes were 
asked to place them in-rank order of preference. 


Rank order correlations have been obtained between the 
latter rankings and the summary order of preferences. These 
dates. are presented. in Table VII. The correlations are 
strikingly high, and the rankings are remarkably close to the 
actual performance. of the binoculars, The data suggest that - 
the observers who have had sufficient and systematic experi- 
ence with a series of binoculars and optical instruments are 
able: to. exadugce them, with. good precision. 


Position on Bridge: “In the early runs, it was Oa Hi | rea 
rotate the. Bal eeass of. each binocular on the bridge through- — 
out the. six runs of.a square. However, with the use of mounts, 
this was no. longer- feasible. | ‘Sait | a 


‘Analysis by ates is. of importance since the pe rform= 
ance of a particular glass may depend on the position in 
which it was placed, e.g. the Ship's fe SREOPY », which was in- 
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position 1 may have performed poorly besause in all the squares 
in which it appeared, position 1 was exposed to the wind. 
Again, location in position 1 may improve the performance of 

a hand-held binocular, since it was the most difficult to 
supervise and data on a hand-held glaas might actually be data 
on @ hand-held-rested glassl 


From another point of view, the variability of data obe 
tained in positions 1 and 6 as compared with that of positions 
2, 3, lh, and 5, will indicate the influence of one subject's 
seeoese on another, since these stations were isolated from 
the rest. 


Results to date show: 


(a) On early runs, there was no differential in mean range among 
positions. On el] these runs there was no appreciable wind. 


(bd) On ali runs, variability is the same in all positions. 


Focuses: Focuses were recorded on approximately 4.0 men on a 
variety of instruments. Results are typical of self-~adjusted 
determinations of focus: the mean is approximately -1d, the 
standard deviation about .7d. After 10 weeks of observing, 

two men complained of eyestrain and were prescribed necessary 
glasses, Both these men had used excessively negative binocu- 
lar focuses. By the method of self-adjustment, one averaged 
2} for both eyes, and by the constant method ott d, a suggestive 
finding. 


pp RORE Be Twelve men were run on three very similer glasses 
% 7,7 25027, 7 x 50 x 10): in order to determine 

if s noe Go relatively petter with one glass than another. The 

finding was positives three performed better: on the 7 x 50 x 7, 

four on the 7 x 50 x 10, and five on the 10 x 50 x 7. Differ- 

ences in ranges, however, were small, the 7 x 50 x 10 being 

slightly better than the 7 x 50 x 7, and both better than the 

10 x 50 x 7. An attempt will be made to relate this finding 

to cther individuel differences, e.g. in: training end in pupil 

diameter, and to the observer's comments on the glass. 


The Monocular vs the Binocular: In an early series, the 7 x 
x § used both monocularly and binocularly. Monocular 
ranges were some 25% short of binocular ranges. 


C iteria of Seein It will be recalled that three criteria 

Of seeing wore —— ee on each: target: » "first glimpse", which, 
it was expected, would correspond to a:low frequency of seeing, 
"100%" , correspond ing» to a high frequency of seeing, and "posi- 
tive identification" which should be a different category of 
response. 
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dust what criteria the subjects setup for themselves in 
each case, one cannot say. However, each was consistent with 
himself, and the data do not indicate that. these ontterie 
shifted. 


These data may be compared with neat whee data obtained 
et Brown, and at Dartmouth (Table VI). 


Statistical Work Planned: 


Besides refinement and completion of the preliminary results 
sketched above, it is expected to provide results on the fole- 
lowing problems: 


(1) Visi biiitys A most critical problem. Since the evaluations 
vis ity used are considered unsetisfactory, several 
approaches to the problem will: be made, in order to find 
appropriate factors to apply to each square. 


(2) Fixed Focus: Relative ranges on 8 x 60's fixed at -2 Alopters 
and ~1 diopters 


(a) for tha whole»population 
(b) for populations selected on the basis-of pi deomiterate secge 8 
—- 


(3) Individual Differences: Data have ses obtained on (a) 

| adium Plaque Adaptometer, (b) the Orthorater, (c) 
the RCN Adaptometer, (a) pupil size, (e) General Classi= © 
fication Test, (f) foous, (g) experience, and (h) training. 


Tests of the date will be made to establish whether 
significant individual differences in performance exist. 
If the results are’ positive, correlations will be made 
pee the variables. iexid catodt abover 


: It should be hotted that individual differences among 
observers will be somewhat obscured by: the: practice of 
pairi:n: observers and. chasrhinnegpalryig since some arraraseegeper Were. 
more skilled than others,’ ie, te 
() Exit Pupil pee A fp wpa of) erformance on the 
x 50 x x TO. x 7) 10,2 BOrx By and the 6 x 33 x 8; 
6x hd x g! "6 x 50 x B will: be made fier ihe wind es ‘popula= > 
tion, and for pera ieey pe of smal and ange pupil aye nity Fe 


(5) Power eerké Ai second enapatieon on the 6 x ke; Ux 50, 
Ox 63, and 10 x 70 and 20 x 120 will be made. oar ae 


analysis with hore to ig er nie bie Wa beer Ser apeader Ps: 


wild: follow .f 1167.9" 
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(6) Mount Series: The relative effectiveness with and without 
vibration, of hand-held, hand-held rested, mounted, and 
"vibration free" mounted 2 90s ['S will be established. 


(7) Discrepancy Analysis: Run-by-run, night-by-night, sub ject- 
Bycece eet analysis, directed at obtaining the most valid 
results must be completed for solution of pea i ecu i 
among squares. 


(8) Wind: Analysis of pewnttdn effect, as related to velocity 
and direction of wind is necessary. 


(9) Target Analysis: Computation of mean 7 x 50 x 7 ranges 


or each target will be followed by calculations of mean 
visual angles subtended. These results will be related 
to laboratory data. — 


(10) Bye Guards: Determination of effectiveness of eyeguards 
@ possible by comparison of 7 x 50 x 10 with its 
standard eyeguard, and with the adapters built at New 
London to yield practical eye distances equivalent to 
those of the 7 x 50 x 7 (it had been planned to provide 
eyeguards for all instruments, out it was technically 
impossible to do so). 


(11) Section-by-Section Analysis: A comparison of one section 
of men atten no experience as lookouts, and no training, 
with one of T=2 year men will be made. 


(12) Sky peut es An attempt will be made to determine the 
egree to ch veriations in the sky-sea brightness ratio, 
and in sky brightness, affected the results. 


(13} Search: Search data on the submarine and SC will be fully 
worked out. Data on first glimpse of the fort, and 100% 
on the fort suggest thet binoculars differ less as instru- 
ments for search than for examination of targets of known 
position. 


(1h) pemmeriscn with Other Data: An attempt will be made to 
relate a presen ndings with all data on binoculars 
and on visibility available. Pertinent checks may be made 
ons | 


(a) Binocular advantages 
(bd). Visibility and range 
(c) Variability of subjects 
(a4) Individual differences 


10h. ——s s 


GENERAL CONCLUSIONS 


- The results available to date are most encouraging. it 
is apparent that the procedures followed in this: field experi- 
ment will give quantitative answers to the problems posed. 


In some respects, one could wish better data. If, for 
example, the time and personnel had been available so that 
all six runs of a square could be made under near-identical 
conditions, data would be directly available on many critical 
problems of visibility and instrument performance. 


Certainly, one may be reasonably certain, that the setting- 
up of such a field project, on a permanent. basia, with permanent 
personnel, and ample time to gather data under a wide variety 
of conditions will:amply repay in field results the time and 
expenditure involved. Instruments, timing, methods, selection 
methods, procedures, could all be evaluated in actual practice, 
end there need be no quesations raised of the validity of any 
laboratory findings. 
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BINOCULARS AND TELESCOPES TESTED 
' (Night Series) 
Mtd: Mounted VFA: Vibration-free 


HH ; Hand-held alidade mounted 
Mon: Monocular EG ;: Byeguard 


BINOCULAR OR TELESCOPE CHARACTERISTICS MODE OF USE 
1) M-212 Panoramio Telessope. 4x 17x 10 Mtd. 
2) Telescope Mk 79 Mod.O 4x 28x10 is 
3} Telescope Mk 50 Mod.i 6 x 30 x 8.5 " 
4) Telescope Mk 60 Mod. '6x53 x8 » 
(6) Binocular Mk 43 Mod.0 6 x 42 x 12 " E-H 
(6 )@felescope Mc 91 " O 6x 5x7 “  Mtd. Mtd. Utd. 
6x33 6x42 86x33 
ta} Binooular Mk 32 " 2 7x 80 x 7ol “* HH* HHR* Mon VFA* 
8) Binocular Mk 41 “ 0 7230 = 1 ae HH EG 
9) German Binocular 8x60x8(?7)  ™ £4HH(-ld) Ha(-2d) 
(16) Binoouler Mark 37 Mod.O 9x 63 x &7 rr a 
(11) Binocular * 36 " O 10x 50x7 "» HH 
(12) Johnson Foundation 
Experimental 10x 70x7 HH 
(13) NDRC Pilot 10x 70x 7 ¥ 
(14) German Binooular | 10 x 80 x 7 $ 
(15) NavGun xPS-l 16 x 96 x 3.2 " 
rk Ship's Binocular Mk 1 Mod.O 20x120x3 ° #£«" 
17) Ship's Telescope Mc 1 Mod.O 21 x 76 x 2.8 . 
(18) NevGun xPs-] 24 x 96 x 2.2 ? 
(19) German Binocular 25 x 100 x 3.6 " 


g By nomenclature a telescope, in fact a binocular 


* Tested at speeds of 9 knots and 17 knots. All 
others tested at 9 knots. 
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SUMMARY OF OPERATIONS 
(Night ude . 


oe) A Total Possible Nights for salami (Sept. heDec 9) . : 


5 ae Successful Operating Nights on 
pie Be Cancelled, weather | 3 
‘ Cancelled, mechanical difficulty DE) ee, 


| Cancelled, other causes 
BB. Summary of Comparisons Run. 3 | we 
es a Runs in No. of Sections; No. of Iau 
Comparison — Square Repetitions by each Sec. 9 
Interaction Series cada save ee en eo 
_ Hand-Held Binoculars ee ae) rae Gee et 
Mounted (Low Power) i 6 xl 
Mounted (High Power) 6 ier 
‘Type of Mount (9 kts) Re 5 x 1) One Section 
Type of Mount (17 kts) m) - 2x1) in Common 
Variability of 7 x 50's mee 22 
Exit Pupil Mk 91 aS ee ae | 
Fixed Focus (-1d, -2a) 3 hy Sa 
2 xe 
3 re oe 
5 a 
5 5 x2 
ee 8 2x 3 
Beis | ee 1 
ee x 1 
3 bed 
3 ae ae 
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TABLE III 
SAMPLE RESULTS 
(50% Probability Ranges) 


INSTRUMENT MA MB M(1)D M(1)E-BA B(1)X PD  vD- 


Basic hand-held (x28 100-°-"200~-200-- 200--~2.00~-:200-- 200100 
elescope Mar en 
ecto 210 59 L5 Lg TS me 
r =O 


6 x 33 x 8 6 61 8 60 7 
Ne 2 = 
{x 50x Ts 
The “e 
x 50 x 8 
B Nhe es 5 = 
x 50 x 2 
Bins Mk. 3c~- 


f x oc x -Li2 
-Dinlhe © : 
{ x ris x i 116 =108 | 
Ne ® 
10 x 50 x L101 
Nhe e e : 
110-x 29 x 7 230; -210 128 =: 106. 
© : 
“20% 70.x 7 neo): 210.5205 135 22 
erman . 
10 x 80 x ? 135 
eavGun 3 
6 x 96 x 32 hi 
Fs) ocular 


2 | 
Mc 20 x 120 x 3 4 120. 36) 180 
pis escope 


2 : 
Mrel 21 x 76 x 2.8 


erman 
25 x 100 x 3.6 ‘ 169 
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‘Visibility Tgt: Fort Tet: Radar Soreen Tate 8x8 Black | 
ei Crit: Pot. Crit: 10 Crit: "Glim 


= A. (10 niles) 3700 (2.50) 3000 (1.30) 3707 (2. 2-46) 
fk Be (9-10 " ) bh (1. 2595 (1.16) : 
Co LOn5 ie See 70 (1.00) 2310 (1.00) 3530 a. 00) 


les 


Tet: 5x8 Black, 
se" Grit: "Glimpse" 
3. fe 


6800 3700 000 += 2h00 += 3300» 2500 
4200, | 
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TABLE VI 


_ RELATIVE RANGES FOR CRITERIA OF SEEING 
Pe a | .—s- Relative Relative §§§ Relative 
Bo ager Range Fre- Range Fre- Range Free 
oe queney of quenoy of . quency of | 


Ses Seei Seeing 


Brown Date 100 3 57 


Dartmouth Data 100 50. | 32 
> ’ : Positive — 
rene "First Glimpse" . et a Identification 


100 
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TABLE VIT 


SUBJECTIVE EVALUATIONS OF INSTRUMENTS 


INSTRUMENT Mean Evaluation Scores 
Rank “Search” "Recog” “Steadi- Ease of 
ness" Handling 


$.B, Mk-l-0 20x120x 1: 106 110 11 112 
ik 35-0 Wed. 10x50x7 3.77 5¢ oC 
ie 32-OHER 7x50x7 5.6 ii ame se 
ic 32-2 HH 7x50x% % 50 ue a 
ca i V0 
Ferman 10xG0x’ (Seo ARE RE | 
ik 46-0 HW 10x50x) 7: oe ; 
ie iat Ha Yxttal0 7.5 BC 
Ce Pe) SRS Se ey 
37-0 Wed 9x63x5.6 eRe BC 
av Gun XPS-1 chxdexs.2_ oe 
Ol a a TT 
German HH Ox60; = =e 
fi 32-2 WW 7x50x7 Won. 13.¢ 
Ee OPS eR NNT: zz 
U ons { s hE ~ ' & o 
ee ee et meses 
req tvs e ° 


_ Rho (with Mean Renk) i. ae Se | °73 


The evaluation score is computed as follows: 
2x% "Excellent" % "Good" ~% "Poor" ; 


_# Known to be in error, not yet checked. 
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FIGURE I 
DATA SHEET 


OBSERVER _SHOEMAKER TIME: Start: 0058 BRIDGE POSITION 2 


RECORDER FOLEY Finish: 0120 BINOCULAR 25 x 100 
SECTION _D __NO.OF RUN 9 DATE 8 Nov. COURSE Constellation 
Byesetting R = 14 Rock 
L-2 


GLINPSE FREQUENCY © IDENTLFIGATION 
1) Fort 8 
) Rader 
No. 1 (8'x8! Bl 
No. 8'x8' Bl 
6) No. 6'x6' Bl) i - 30 


gix6' fiat wnite| 5238] ks 


8) 16'x16* flat bil. 


4 i 4 ? | ; 
10) Flag Pole 25 kp x 3.5 | 


SUBMARINE ee 
SUB CRASER 6o_ooo 163359 | 77 350! 
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FIGURE IT 


SAMPLE RESULTS (2 Squares} 


ho 60 80 100 120 iho 160 180 


Percentage of Mean =- 7 x 50 x 7-1 H-H Range 


Curve Instrument Square 
A Mk 50-1 6 x 33 x 8.6 MA 
B Mk ie 4 x 28 x 10 MA 
Cc Mk 60 x 33 x8 MA 
D Ship's Tel, Mk-l 21 x 76 x 28 PD 
E Mk 36 Bin. M 10x 50x7 MA 
F NavGun XPS-1 16 x 96 x 3.2 PD 
G NDRC Pilct 10 x ac aa MA 
H German 10 x 60 x ? PD 
I German 25 x 100 x 3.6 PD 
J Ship's Bin Mke] 20 x 120 x 3 PD 


Information on Squares 


Square MA Square PD 
Section A Section D 
All Rune ~ A Visibility «Al. Runs ~ A Visibility 
lh, on course 210 2.on course 210 
2 on course 065 i on course 065 
8=12 knots wind on course -12 knots wind abeam, both 
210 from 230 courses | 
Speed: J knots Speed: 9 knots 
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Discussion: 


Comdr. Ballard commented on the great value of field tests in 
etermining the design of optical instruments. He commented 
upon the origin of the studies reported by Lt. Verplanck. In 
& Vision Committee meeting, the need for field tests had been 

emphasized, and at the request of the Chairman of the Vision 
Committee, Comdr. Ballard had submitted a list of specific 
questions for immediate solution. The present study had its 
origin in the list of questions prepared by Comdr. Ballard. 

It was emphasized that various members of the Vision Committee 
participated in theplanning and initial experimentation in the 
study reported by Lt. Verplanck. 


In response to a question whether the New London studies ine 
dicated any changes in doctrine for training in search, Lt. 
Yerpianck emphasized that individual lookouts should not be 
pe tted to focus their own binoculars. The proper focus 
should be determined for each man by careful tests and on 
subsequent occasions such a setting should be required. 


Lt. Verplanck commented that the lookouts used in his experi- 
ment were able to rate the various binoculars extremely well, 
in terms of the final ratings based upon experimentation. 


Lt. Verplanck emphasized that whereas the conclusions made by 
Dre paatiey concerning the small increase in threshold range 
with increase in magnification may be correct, the nature of 
the increase in the probability of detection must not be over- 
looked. In practice, a 7-power binocular increases the 
probability of detection of a target by the factor 6.5. 


Comdr. Bellard reminded the Committee that such factors as 

cation, field of view, etc., do not wholly determine 
the performance of an optical instrument. The reduction of 
contrast due to the scattering within an optical instrument 
is a less well, recognized determinant of performance, In 
order to investigate further the reduction of contrast a 
She epg program is being conducted at Pennsylvania State 
ollege. 


Lt. Comdr. ee introduced Dr. Coleman, under whose direce 
on project at Pennsylvania State is organized. 
Dr. Coleman described some of the experimental procedures bee 
ng used in masuring the reduction of contrast by scattering 


in optical instruments. He revealed that a reduction of 
contrast of less than 2% was customary for “bloomed” instruments. 


lir, Bisckveld stated that the Tiffany data indicate that a 
° contrast has an insignificant effect on range. 
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VISIBILITY OF SHIPS AT NIGHT ¥ 
Dayton Re BE. Brown, Comdr., USNR 


POREWARD 


The initial purpose of this investigation was to determine 
how close a small U. S. "vessel x" gould approach an enemy 
ship at night and remain unseen; to plot the area which would 
mark this safe limit of hér concealment in every direction 
undsr given light and weather condition. Such areas were 
called Visibility Circles. We investigated these visibility 
areas by maneuvering our ships into them on clear starlight, 
clear moonlight, and overcast nights under conditions of excel- 
lent visibility’, measuring the conditions as well as the ranges 
at which sightings occurred. Diagrams were drawn both from 
the friendly and enemy points of view, representing the visi- 
bility ranges for optimum conditions from the enemy's stand~ 
point, since the lookouts were well-trained, rested, well- 
equipped and were told where to look to find the approaching 
“vessel x", Numerical date used to construct these diagrams 
are available in tables and graphs. 


Of all the sightings made, (over 1,000) 680 taken by observers 
on surface ships, 10 by observers in airplanes and 12 by 
observers in blimps were considered dependable and used in 
constructing the diagrams, etc. When sightings were made, the 
light and weather conditions were measured as carefully as 
was possible during time of war, even though the observations 
were made in the friendly waters around Pearl Harbor. + Simulated 
attacks were made on "target vessels", aboard which observers 
were posted. The runs were made at various speeds, so that 
the best speed for attack could be determined since sighting 
range was believed to be a function of the speed. Attacks 
were made from different points of the compass so thet a com= 
parison could be mads of the difference in sighting. ranges 
caused by the relative positions of moon, attacking snip and 
terget ship since sighting range was believed to be an im-~ 
portant function of the sky brightness, Bow-on (attacicing ) 
end broadside (passing) attitudes were both studied because 

‘ oe believed sighting renges tobe related significantly to 

9220. . a © 


The rate of scan, the height of eye, performance of lookouts, 
- effect of fatigue; use of binoeulars and other factors of 

seeing were investigated to some sxtent under various sea 

conditions. By virtue of the measurements taken, not only 


= This paper summarizes experimental data presented more fully 
‘by Commender Frown in a forthcoming report. Graphs and 11llus- 
trations refe:red to in this summary will be found in the more 


complete repcrt. TASER TY Ree: 
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of the ranges at which sightings were made, but aiso the 
thousands of measurements of light and weather conditions, 
speed of attacker and observing craft, aspect of the object 
seen, e¢tc., it is believed that this investigation may con-= 
tribute some new data to the science of seeing. But more 
important perhaps, it poses new practical problems and by. the 
very lack of information to meet them, points to the necessity 
of some additional basic research and considerable applied 
research in the field of vision and visibility. 


Three interim reports were given during the last two yeers of 
the war, The first, entirely qualitative, was based on hundreds 
of hours of aerial and surface observing. The second and third 
were interim reports which included much of the data contained 
herein and were reported in rough form but timely, so that they 
could be and were incorporated into Conceaiment Tactics while 
data was still being collected. Now.that hostilities have 
ceased, the investigation may be of greater interest to aviators 
and meteorologists in connection with visibility forecasting. 
This information can also be used in the study of the visibility 
of common objects at night. Those interested in the acience 

of seeing as applied to transportation and navigation may. find 
some benefit in the measurements made at sea and in the air 

to compare with measurement of test objects observed in the 
laboratory. / ; 


Illustrations of what ships: looked like near the limit of 
visibility were made from sketches and notes taken down at. 
the time the sightings were made. It is hoped that these may 
prove of help in the instruction of ship lookouts and in more 
clearly describing to all seafaring men the cohditions under 
which sightings are made at night. 


STATEMENT OF FINDINGS 


Seeing Ships at Night 


This investigation showed first that trying,.to guess how far 

a ship oan be seen at night will not give the answer. . Guess- 
ing misses by 200 to 300%. Secondly, it showed that very few 
men know how to search, day or night, principally because they 
don't know what objects look like at the limit of the visible 
threshold, either to the unaided eye or in the field of binocue 
jars. Wor do they kmow what physical factors determine what 
can be seen, how well, or how far. Hence, they a6 not know 
how best to search, observe or record what may. be seen. 


The author has found 1t somewhet difficult to draw pictures 
of invisible ships, but illustrations have been made which. 
are an attempt to describe what “X vessels" did look like | 
when near the:limit of visibility, and what they looked like 


tt ete 
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under the same light and weather conditions a few minutes later, 
after they had come in much nearer to the observer, A text 
accompanying the illustrations gives some figures on ranges 

and certain characteristics of the acenes which effected then. 


Factors of Influence in General 


In some oases, it is felt that the data are insufficient to 
encompass the real everage performance. We know the record 
is incomplete principally in that only a few types of light 
and weather were investigated. But we have good assurance 
that further field studies will be made in the near future, 
both to obtain new facts and figures and the reasons for them. 


We found, as we had expected, that the brightness of the sky,’ 
the apparent contrast of the "vessel x" against the sky back- 
ground, the amount of the "vessel x" exposed in highest contrast 
and the time permitted for searching were the most important 
factors in determining how far the "x vessel" could be seen. 


Our low-level brightness photometers had not been calibrated 
by the time we were set to leave for Hawaii. As a result, we 
were not able to analyze our data in terms of sky brightness 
as completely as we desired for this report. Graphs are now 
under study which show to some extent sky brightness and. 
brightness contrast influence on the sighting ranges. Addie 
tional data will be sollected before conclusions sare drawn as 
to the amount of influence each of these factors has. Before 
calibrations were made, a graph was drawn which takes the sky 
brightness into- account in a general wey, thet is in four 
sectors of the moonlight sky, one for the starlight sky and 
one for the overcast sky being shown separately. The runs 
are further separated into similar speeds and distinguishable 
by. color into similar sizes. Accordingly, there is a general 
comparison of ranges due to 4 levels of illumination, 2 sizes 
of object and: 4 speeds. 


The Human Factor 


By inspecting the lengths of the lines, one gets an idea of 
the difference between the first, or farthest sighting, and 
the last or shortest sighting of each run. The frequent 

examples of lines unfinished at the bottom, (showing some 
one or more lookouts did not. sight the "vessel x" even at the 
nearest range to which it approached) shows that motivation 

and alertness are as essential as any other factor in deter- 
mining the range to which objects will be sighted regardless 

_-  0f how far they can be sighted. 


The investigation proved that. under a given light condition, 


neither the variations in the amount of haze nor the state of 
the sea nor the speed of a passing ship under observation have 


ee 
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ag much effect upon the’ renges of sighting as the variation 
in the performance of severel lcokouts during one nights 
operation or the variation of one ‘man over a period of several 
rights. On the other hand it proved that each of the above- 
mentioned factors has some bearing, both on what is seen and 
how far, The principle factoré In seeing an object at sea on 
@ clear starlight night are: physical fitness, including night 
adaptation; personal motivation; good search procedures and 
‘getting down low enough to silhouette the Iargest “possible 
area of the object to be seen against the sky. On clear ~ 
|. moonlight nights the low point of view holds only when looke 
ing toward the moon or within 110° of the moon's azimuth.~ 
When searching in the sector from 110° to 180° away from ‘the 
moon, both high and low lookouts are necessary because, always 
‘to observers in aircraft, and frequently to observers on ship- 
“poard, the white water around & ship may be seen farther ageinst 
“the beckground of “sea then the ship's etructure itself can be 
“seen against the sky. Henee in this case, ‘the ‘high lookout 


48 more important, © : 
Sige =| od ton bad arodten e 


‘On one cléar starlight night wHén @ Destroyer “could be “seen 
“99,000 yards by observers aboard a“vessel x", ‘the observers 

on the Destroyer could fiot see the “vessel x" ‘beyond 2,000 
-yerds., The difference was entirely ‘due ‘in“thfa case to the 

“" @@fferences in“aige of the dark areas silhouetted against ~ 
“ihe background of thé’ skys © On clear starlight nights observers 
“tr ailreraft’ can 'sé6 the ‘white water .that surrounds a moving 
v6ssol? the bow wave, the ‘wash “along thé “sides ‘and ‘the wake. 

In fact, unless an ‘airplane approaches Se ge Ars i 
Well within 300°yards, white water is all that één be seen. 


* In viewing ships from thé “air at night) théréforé; the speed 


~f When a’ "ye sae PoRr®y 


“of thé ship ’fs an important factor since tts spéed “and “the 
“state of the sea determine to a large degree the “size of the 


white water generated. of 
Speed of the Vessel "Xx" t0S98"% emul ott 


fhe apedd of °a “Véss6l "x" when passing or “attacking another 
SRL p was adi rect factor in the range at which Pt “could be 
sighted? The reason is*different* for the surfece observer 
than “f6y ‘thé “aviators “and acts thé opposite way. ° Fox (example: 
makitie 5okts was dttacking sa Déstréyer “the 
‘everatd orangé of "sighting it was 2)100 ‘yards. °sBut when %x" 
'Picredsed sail sme CbaNDS “kts ) thecave page 'rarige of “sighting 
se&6oreased *to°) ;600c yards. © Over miny attacksruna con clear 
starlight nights at comparativé speeds the rediiction'of ailght- 
ing range was aeosiuee Aan around 50 yards for each knot of 
. Sncressed spééedoof the "vessel ox" én speeds or’5 and) 15 
(Oo kts. The rate ff déeerdase in weighting “range “of “passing ves~ 
vo s@ls wasnoticeable but not eaecmarhedty "SO, because the rate 
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of approach of the two ships was not the same. The reduction 
in the average range of sighting attacking vessels was due 
primarily to the time given to searching a given 60 degrees 

of the horizon while the range to the vessel was being decreased 
rapidly as compared to the same time given to search the same 
size are while the range to the vessel was being decreased 
slowly. In other words, when a longer time is permitted for 
Ssasatine any given part of the horizon the chances of sight- 
ing are increased and the average sighting range will be 
greater. ©The time factor was.even more important on moonlight 


nights. 


The fact that the reduction of 500 yards in the average sight- 
ing range on attack headings was not offset by the increase 
in the size of the bow wave and side wash is of more than 
casual importance. 


Greatest Contrast 


When the "vessel x" increased her apeed \she dia two things, 
{a} reduced the time factor and (b) increased the size of her 
bow wave. However, the size of the bow wave which was ap= 
preciably increased was not the part of the area seen in 
reatest tone contrast. by the surface observers and, there- 
ore, the size increase had little or no effect on the net 
result. This serves as one more illustration that the first 
perception is dependent on the size of that part of the object 
only which is in strongest contrast rather than the size of 
tho entire object, pert of whi oh is in lesser contrast. 


‘Vafertuna tely there are insuffietent data to determine whet 
the effect of increased speed) would’ be on ‘the renge a "vessel 
x" gould be sighted when attacking toward the moon. In this 
si tuetion the ship:is most frequently sighted: by her bowewave 
and the increase. in speed,' therefore, eee em a ty pe wer 

S etendency to offset: the ‘ihe iapareaihe ein 
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On clear moonlight nights bbe. statéof the sea and the direc- 
tion of search are exceedingly important factors both to 
observers in aircraft and o boht “ship. A really smooth 
sea shoots the range Way.up asi can be seen by a study of the 
consolidated date sheets. Als a6 was found that so-called 
"up moon" and “down moon"..ar logical lines of de- 
marcation between the differ areas g1thin which the ranges 
of sighting differ markedl 1 is 6 areas divide into four 
sectors which in this report are ‘called positions and are 
follows with Roman numera.1s. The \posi tions are defined as 
oliows: nea 
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Definition of positions 


From the observer's point of view, (observer in: the center) 
when the angle between the moon's agimuth and the true beare- 
ing of the ship to be observed 1s 0° to 20° either positive 

or negative, the position is°I. When the engle is 20° to 110° 
either positive or negative the position is II. When the 
angle is 110° to 160° either positive or mole teve the posi- 
tion is III. When the angle is 160° to 1 either posi tive 
or negative theposition is IV. Or in diagrammatic form; 


MOON 


From "vessel x'a" point of view, (vessel x in the center) 

when the angle between the moon's azimuth and the true bear- 

ing of the observing ship is 0° = 20° either positive or 
negative, the position is, IV, when the angle is 20° = 70° . 
either positive or negative, the position is III, when the 

angle is 70°:~ 160° either positive or negative the position 

is II, when the angle is 1609 = 180° eithsr positive or negative, 
the position is I. Or in diagrammatic form: 
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Size and Angle on the Bow 


On all three types of nights investigated, clear moonlight, 
clear starlight, and totally overcast moon, the amount of 
“vessel x" presented, that is attitude, or angle on the bow 
(a.o.b.) made a substantial difference in the range at which 
she could be sighted. In the tables, diagrams and graphs the 
attitudes have been divided into two groups, "A" for small 
@.0.b., and "B" for large a.o.b. Most of the A angles were 
less than 8° and averaged around 5°. Most of. the B angles 
were over 60° and averaged around 70°. | 


Brightness and Contrast Measurements 


The brightness of the sky, the brightness of the white water 
when viéwed on starlight nights against the sea, the bright- 
ness of the sea when seen from the air on moonlight nights 

and the amount of contrast between these and the dark approach- 
ing "vessel x" were always dominant factors. Throughout the 
investigation, careful photometric measurements were made of 
the brightness of sky, sea,and a white blotter held vertically. 
Celculations of the brightness contrasts between "vessel x" 
and sky have been made but as yet the writer has been unable 
to evaluate completely the precise numerical relation of the 
brightness and contrast deta to the sighting ranges. 


Ships are progressively less visible to an observer, the farther 
their bearing is from the moon's agimuth because the contrast 
between the vessel and the sky is progressively reduced. On 
the other hand, the contrast of the bow wave and wake is 
generally progressively increased except in the area of the 
moon reflection on the water. Inside the moon reflection - 
moon path proper = the wake of a ship disappears when the aea 
is moderate. When the sea is calm to slight, the wake appears 
as e dark streak. A wake made on a calm sea in the plane of 
the moon can be followed for several miles by aircraft flying 
toward the moon, 


Disfioulty of Sighting at all from Aircraft 


During the investigation, flights were made both in blimps 
and patrol planes. Both were equipped with good radar and 
still it was very difficult to find “vessel x" at ali. ‘The 
places of rendezvous were set and we had voice communications 
Q@s well, but it was generally necessary to request the C.0. 

of "vessel x" to turn on. his search lights to make the initial 
rendezvous of the evening. Further it was found that on clear 
starlight nights binoculars were not as reliable as the un- 
aided eye, either from blimp or airplane, even when we had 

the vessel in our scope and were bombing directly on him. 
Likewise from shipboard we found that it was very difficuit 
for lookouts to sight the "vessels x" on or even near the 
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limits to which they might be seen unless we restricted the 
field of search. This investigation was not as concerned with 
the probability of sighting as with the limits to which sight- 
ings were possible with given equipment under Shah een 
conditions of Tight and np ane aad 


We found ‘that’ it was more’ than: st tines: easter=to: search’ 60° 
of horizon than 360° end in order ‘to obtein reliable and’ come 
parable data we used only the 60° of horizon in which we knew 
the "yessela x" to be.  Lookotts and procedures are discussed 
in another section but it may be mentioned here that in each 
group of fifteen or more lookouts there was always 508 who 
stood out above the others and by as much as 20 or 3 Of above 
the average, He did not always sight the "vessel x" first, 
nor did he always make the farthest sighting in each condition 
(of tllumination, type of atmosphere, etc.). The ‘performance 
of individuals eas searchers has been studied more extensively 
by other investigators, notably by Luckiesh and Moss of General 
Electric; Shilling and Verplanck of U. S. Naval Medical Re- 
search; and N.D.R.C. under Hardy, Duntley and Blackwell, ‘to 
name but a few. However, our group did analyze the abtlities 
and performances of our own Lookouts sufficiently to determine 
the variation of each and the relation of each lookout ‘to the 
group as a whole. By knowing the personal factors to a 
reasonable extent the other factors of influence were more 
easily, and we trust, Jmore accurately obtained. | 


Binocular vs. Unaided Eye 


It was obvious that the restricted field of the picarnee end 
vibration and speed of the aircraft made binoculars liabilities 
on starlight nights. Our data ere not sufficient to draw” 
precise conclusions as to the extent of the liability.” How- 
ever, on clear moonlight nights binoculars were advantazeous 
in the hands of a well-trained observer even in the patrol 
plane, the speed of which was always at least twice that of 

the blimp. It should again be pointed out here that in se2rch- 
ing the lLorigon line bindcilars covered approximately one= 
twentieth of the search sector, whereas in searching the sea 
area required in aérial search, ‘binoculars Coverdes oe ape 
one-nineti eth: ‘of ‘the gnee s | 


“AY tho ugh @gain ‘there “1g ‘taguffteient asta to make greeress 
comparisons, the ranges of © ‘sighting: from aircraft flying et 
1,000 feet altitude and the ‘ranges of ‘sighting from surface 
ship appear’ to ve closely alike on clear moonlight ‘nights ” 
whereas on “starlight nights” ‘the Sede tece hip’ “observers ‘have 
a deci’ed “advantage. ent pF) ee 
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A few of the most important sighting ranges are as follows: 
On clear starlight nights the average range of 236 sightings 
through 7 x 50. binoculars was 1,560 yards. ‘The farthest 
Sighting range was 3,600 yards. When binoculars were not used 
but all other conditions remained the same, the average sight 
ing range was less than 625 yards, the farthest sighting by 
unaided eye occurring at 1,800 yards. On nights when a moon 
less than half full was completely overcast, 1.8 sightings 
averaged only 1,100 yards using binoculars. The farthest 
sighting wes 1,500 yards. On clear moonlight nights when the 
moon was more than half full the average range of sighting 
was 3,540 yards. The farthest sighting was 2.000 yards. These 
were for attacking attitudes of "x" only. 


Procedure 


The general procedure during the experiments was as follows: 
Ten observers were chosen at random from enlisted personnel 

who had actual lookout experience on one or more of the 
“vessels x", These men, working in two teams of five men each, 
were stationed aboard a target~-observing vessel at heights of 
eye between 10 and 38 feet. Each was provided a pair of night 
“bloomed,” Navy issue, 7 x 50 binoculars and carefully assisted 
in adjusting them to his own eyes, Each was night-adapted with. 
red goggles for $ hour prior to commencing observation and was 
cautioned to wear his goggles during periods of relaxation. 
Normal lookout procedure was followed and stations rotated 

at random. A sweep rate of one degree per second was used. 
Sightings were reported directly by the lookout via a selfe 


- powered telephons set to a lighted control room where records 


were made. .As a lookout swept his assigned sector he reported 
all objects, their relative bearings, and the time at which 

he finished each sweep, The lcokout was informed in advance 
that an object would appear'in his search sector, and he knew 
4t would be the "vessel x" or a persistant “white water" end 
that it would probably first appear as a blur or vague "dark 
bump" on or a depression in the horizon. The time oi sight- 
ing of the test object was noted by means of & stop watch. 
This time was then later converted into range by referring to 
radar renge records, taken both by the "vessel x” and also by 
the DD every thirty seconds throughout the maneuver. These 
were again checked by graphic plots of each run. Ali data 
sheets were scored by the officer-in-charge of the project 

and the sure sighting ranges were obtained by comparing the 
reported bearing with the actual, and by evaluating the look- 
out's statements of certainty and his description of the object 
S6Sri. ; 


Photometric measurements of the brightness of the sky and 


sea near the horizon together with recordings of the weather 


conditions, atate of the sea, temperature, relative humidity, 
barometric pressure and atmospheric visibility were made by 
trained aerologists concurrently with the sighting data. 
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Four basic maneuvers were used to bri "vessel x" acroas the 
threshold toward the observing ship. “L) "Vezsel x" passed 
the observing ship on a reciprocal course, This maneuver 

was later discarded as it caused rapid changes in the angle 

on the bow of the "vessel x" and also necessitated shifting 
the search sector at frequent intervals. (2) The observing 
ship gradually closed on "x" which was on a nearly parallel 
course so that a constant broadside view was slways presented 
to the observers. (3) "Vessel x" made attack or "minimum 
Silhouette" runs on the observing ship which was either lying- 
to or meintaining a constant course, At the beginning of each 
of these maneuvers "x" was beyond the visual threshold and 
was jeradually brought closer until each observer had a chance 
to "sight® it. The speed of “vessel x" was held constant on 
each run, but was varied from 5 to 10 to 15 knots on different 
runs in an effort to determine the best speed of attack and 
of a skirting or passing course, A fourth maneuver was used 
when observations were made from aircraft. The "vessel x" 
took a straight track at constant speed for 30 minutes, chang- 
ing speed or course, or both at the end of this interval. On 
moonlight nights tracks were laid out at varying angles with 
respect to the moon, both for surface and aerial observations. 
A blimp or ea PBY patrol plane approached "vessel x" a number 
of times during such 150 minutes period from a variety of 
directions, The course and “speed of "vessel x" and of the 
observing craft were ito 


Recommendations 


Even though this investigation brought out some new end useful 
information, we could not always be sure of the reason w 
certain things heppened ndor«of «the precise amount of the ine 
fluence each factor contributedy This: was due partly to the 
need for more field data:and: partly: to the need for additional 


basic information in the ectense of seeing. A considerable 


amount of basic material hassbeen recently acquired by other 
agencies but so recently, there is still a gap between these 
new facts and the means for:appiying them tospractical problems. 
Por ,example, it<ie?’known ‘that ‘whencertain iight and weather 
conditions exist; it follows that»an objectsoof a given size, 
shape and reflectance scancbé seen a certain distance. But 
the conditions’ andsobjects; though familiar :and qualitatively 
describable, have not been measured and classified into a 
usable form, and, in: some: cases, have not been measured at 
‘alle Another example: »Though it is»known how far a circular 
Gdisk can be seen, it is not xnown raids far a ee era ae like 
De aes gprid aenee seen Titi SS 3 sary Deb [ 2.8 
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guns dauuaea: ousveusiatté, 2 “the: abeonte wan finsteee ‘of which are 
cleerly indicated, have never been built whereas other inatru- 
ments such as the O'Brian-Taylor low level photometer are 
lacking in sufficient quantities to permit general distribution. 
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1. A considerable amount of original research, both basics 
and applied, has been conducted on vision, visibility and 
optical aides by various independent groups during the past 
four years, particularly in the United States and Great 
Britain, 


Accordingly, it is recommended that copies and compilations 
of reports of all vision and visibility wartime researches 
be reviewed by ORT, C.N.O., or @ committee appointed by one 
of them, and ‘the usable results be published in a compendium, 


2. When Naval personnel vecome familiar with the various 
moods of sky and sea, dey and night, can describe objects on 
the horizon in terms of light or dark, sharp or soft and so 
on, their efficiency as lookouts increases surprisingly. 


. Accordingly, it is reconmended that a text book on "The 
Fundamental Principles of Obssrving" be dong ryrctl for required 
reading of all Naval personnels 


56 In order to gain additional tufdradtixna whidii applies 
directly to "x vessel" concealment and to gain additional 
basic information on vision and concealment of objects which 
will be comparable to data contained in this a 1t is 
desirable that the same test object ‘be. useds 


Accordingly, it is recommended that the ives tigakaan to 
determine the visibility of “vessels x" under:various light 
and weather conditions be continued. 


hs It is believed >that the dbaePvattons ak doketote at 
sea as here reported and the performance of observers working 
“under ccntrolled laboratory conditions, furnish»a:means of 
determining a relationship between ‘the two. Itothie réelation- 
ship can be measured within reasonable limits; performance 
at sea can be forecast and field: research ——— to a minimum, 


hocdnéingi¢, it is recommended » thet an: rey bats yp. be 
‘conducted to determine relationships between; "Tie Perceptual 
Capacity of the’Human Observer" azid« "Visibility of Naval«. 
Targets", ‘two late reports by Professor S. Q.. ‘Duntley jcand 
othe: performance: of. lookouts: at sea era ase ge this _—* 
s ; i 

| ee It ts: recommended thet the: ‘Anvestigation of the: use 

‘of bincouMrs: and other. ‘optical: instruments: mae ate we continued. 


6. It is recommended that an invesihes thes: be ‘adzidu sted 
to determine the most effective method of visual search for 


Military and * onet Py yin gsc — cone peringre eo 
grounds. | viteclo 
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7- %iIt is recommended that an investigation be conducted 
to determine the visibility of wires, pilons and other obstruc- 
tions commonly on or in the vicinity of aircraft landing fields, 


8. There are individual groups within the Army and Navy 
engaged in vision and visibility research end/or in the teste 
ing and/or reshaping into practical form for Military or Naval 
use, material on vision and visibility. | 


It is recommended that these groups be directed to continue 
so long as the particular investigationsor tests in which they 
are engaged relate primarily or exclusively to Naval or 
Military problems. . 


9. It is recommended that an investigation be conducted 
to establish the relationship between the visibility of come- 
mon objects (or objects of Military or Naval significance) 
and the fundamental functions of illumination, brightness 
contrast, size, shape, color and atmospheric attenuation, 
ana also in terms of the more commonly recognizable variables 
such as sea and sky brightness, wind force and direction, 
cloud cover, barometric pressure, relative humidity, tempera- 
ture, type and level of illumination, etc. 


10. The visibility of any object depends to a large degree 
upon certain characteristics of the particular object: Size, 
shape and reflectance. Reflectance is generally the factor 
@bout which least is known. This deficiency can be easily 
made up and.will greatly assist in the calculation of the 
visibilities of these objects including harbors, buoys, ships, 
airstrips, etc. 


Accordingly, it is recommended that an investigation be 
conducted to measure and/or tabulate the illumination and 
reflection properties of lights and common objects respectively, 
Which have direct bearing on Navigation and Naval Aviation. 


11. It is recommended that the Navy file a formal request 
with the U. S. Weather Bureau for a new definition of visibility 
based upon the ability of average observers to perceive common 
objects of definite size in the day time and common lights 
of definite candle power at night. 


3 12. It is recommended that a project be eatablished to 
develop a contrast meter calibrated to read in percent, and 
low level brightness photometers be given wide distribution. 


13. The investigation of vision and visibility as applied 
to aviation, navigation and other Army and Navy practices 
requires frequent aerial flights and long range observations 
at sea and ashore. Good weather, access to ships and aire 
craft are highly desirable assets, and in many instances 
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essential to successful visibility investigation. For these 
reasons, and because it is believed that e pepe ere ere 
should be established for directing Naval vis y field 
research and testing, it is recommended that a small organi- 
zation be established under CNO or the Operational Develop- 
ment Force, with headquarters at Point Loma, California. 


U,. In a letter to ORI via BuAer and CNO, it has already 
been proposed that steps be taken by ORI for the coordination 
and integration of vision and visibility research. It is 
believed that the action already taken on this proposal, and 
favorable action which it is hoped will be taken on the other 
recommendations here made, will lead to a better understand- 
ing of the science of seeing. 


Discussion? 


Because of the shortage of time, informal discussions of 
this paper were carried on during the luncheon recess. Comdr. 
Brown exhibited sketches which he had prepared to simulate 
the appearance of targets at the visual threshold. 


ijl. 
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DIGEST OF DISCUSSION CONCERNING RESEARCH PLANS IN VISION 


The Chairman called for a discussion of long-range research. 
plans in the field of vision. Because of the large amount 

of material for discussion, the group primarily interestod 

in vision testing withdrew to discuss the AGO research program 
and formulate recommendations to the entire Committee. ‘the 
Chairman retired to preside over the visual testing mesting, 
and the Secretary assumed the Chair for the remainder of the 
mesting. 


The Chairman called for reports from the military activities 
represented of their research needs and facilities available 
in the field of vision. 


Army Air Force: Capt. cnapentt reported that the AAF is con- 
cerns problems of visual perforweance at high altitudes 
and high speeds. Under these conditions, pilots are no longer 


searching for targets; the activities of targets and of their 
own plane ars indicated by radar. 


The Chairman asked whether vision research is being conducted 
at Wright Field. x 


Capt. Chapanis replied that development of sun-goggles and 
eyeé protective equipment is being continued. Investigations 
of visibility from aircraft, with special reference to the 
optical quality of transparent sections, sre being made. in 
addition, interest is present in problems of night vision, 
design of instrument dials, lighting of aircraft, and problema 
relating to the nature of radar presentations. 


Army Ordnance: Hie 20 Darr,.reported that, his’ office was . 
erested in visu actors which affect design of optical 


natruments for search. The research of Army Ordnance is 
concerned with developing individual instruments rather than 
with investigating general problems. Since there are no 
rescarch laborstories connected with Army Ordnance, research 
reported before the Vision Comnittee often supplies the 
desired information. 


poor General's Office: Since the representatives of this 
a) ce W rawn to the meeting on acuity testing, the 
Chairman reported for them. This organization is at present 
‘eoncerned primarily with testing visual acuity and night 


vision. 


Ree rerraa Mr. Dokken reported that the interests of the 
uarcermasbter ere similar to those of Ordmance. QM ia sise 
without direct research facilities and does not at present 
support any researeh programs, Interest is present in the 
testing and development of goggles, especially anti-fogging. 


ee | 
otow Belitiioal noLsasd LA) 9 Beto bekiget seuss eibmoy wid 


© Ma kh Bow t FP vee ry 


rE NOME TEY Wana uel A ee eae 


1h2. 
omens 


The Chairman inquired whether problems had arisen which demanded 
research beyond the facilities of the Quartermaster. 


Mr. Dokken replied that the optimun density of sun-goggles and 
he use of polarizing materials for sun-scanning constituted 
guch problems. 


Surgeon General: Cole Renderer reported that his office is 


concerned With ocular protection from injury and with visval 
testing in connection with recruiting and classification. 


AGF: Col, Alexander reported that the interests of his group 
are’ similar to those of Army Ordnance and Army Quartermaster. 
He emphasized the need for more rugged instruments, more effec- 
tive meens for reading scale markings and methods for reducing 
vibration. He reported that a general consideration of the 
problems involved in rifle sights was needed. 


“Marine Corp: Mejor Sherrili stated that in addition to the 
general problems expressed by Col. Alexander, the Marine Corp 
is interested in precuring a small portabie rangefinder. 


Dr. Graham commented thet it is probably impossible to construct 
a satisfactory portable rengefinder because of the complex 
nature of individual differences in depth perception. Core 
rection devices are always required to compensate for these 
differences, which probably could not be incorporated into 

such an instrument. | =r 


Na BuAer: Lt. Comdr. London reported that the problema of 
Bakes peraileled those of Army Air Forces. In addition to 
visual problems concerned with high altitude and high speed, 
‘problems of inetrument lighting and interior and exterior 
lighting of eircraft have been considered. Additional problems 
were reported by Lt. Comdr. H, H. Stuart, who mentioned rescue 
ooedtas 38 signal equipment, and self-contained transmissoe - 
meters. - . | | ; 


The Chairman asked whether BuAer has any established research 
pro jects. 


Lt. Comdr., Stuart replied that Air Station facilities were 
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2. Needs: Permanent research personnel. 


3. Facilities: (a) Physiology: Human centrifuge, 
special Link trainer and one airplane available 
for study of influence of non-auditory labyrinth 
upon visual perception. 


(ob) Psychology: Three special dark rooms, NDRC 
adaptometers (Models II and III), MacBeth illumino- 
meter, and complete night vision training equipment 
for study of visual perception at low intensities of 
illumination. 


(c) Ophthalmology: Two complete vision testing rooms, 
and subjects from (1) the Eye Clinis, (2) the Aviation 
Examining Room, and (3) Flight and Cadet groups. 
Adequate facilities for both laboratory and clinical 
investigations of visual acuity, refractive errors, 
motor anomalies, peripheral vision and depth 
perception. 


BuMed: Capt. Korb emphasized that BuMed needs validated visual 
atandards, both for day and for night duty. 


Budrd:. Lt. Comdr. ade reported that BuOrd is concerned 
with the design of new instruments and the proper use of exist- 


ing equipment for primary recognition of targets, spotting 
of gunfire, and direction of guns. The correlation of labora- 
tory and field data is a necessary step in this program. 


Tne Chairman asked whether facilities were available for such 
proposed research, 


Lt. Comdr. Pulli reported that BuOrd has no laboratories and ; 
at present has = a single pertinent contract with Pennaylvania 
State College. BuOrd can make use of Naval Gun Factory for 
testing optical instruments. 


CNO: Comdr. Volk outlined the responsibilities of CNO as the 
executive branch of the Navy. Facilities are not available . 
for research, nor is research the primary interest of CNO. 

In conjunction with the maintenance of peak efficiency in the 
Fleet, CNO may direct certain bureaus to engage upon research — 
programs. Comdr. Volk emphasized the necessity for adequate 
coordination and liaison between the various research groups. 


Dr. Lamar reported the plans ef the Operations Evaluetion Group, 
° 8 group is concerned with evalusting operational data 
in order to give advice on tactics and strategy. Dr. Lamar 
emphasized the need for information concerning the probability 
of detection of a target as a function of its location, sige, 
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brightness, and exposure for various field brightnesses, Pre= 
liminary data of this sort have been obtained during the war, 
but have usually been restricted both in the location of the 
target (with respect to the direct line of sight) and in the 
duration of exposure of the target. Certain theoretical 
principles have been developed which should be tested by 
laboratory experiment. Leboratory data should then be core 
related with actual data obfained with various scanning 

pro cedures. : | 


The Chairman requested information concerning the facilities 
of the Operations Evaluation Group. 


Dr. Lemar reported that there are no research facilities under 

o A compstent staff is available for liaison end to give 
advice on scientific problems. The operational date of the 
past wer are available to this group and in general are reduced 
to tabular form. 


BuPers: Lt. Snidecor reported thet this bureau is concerned 

with personne. factora contributing to effective day and 

night vision. It was emphasized that almost nothing is known 

about the factors of learning in visual perception. A great 

deal of effort has been expended in lookout and recognition | 
treining, but the fundamental principles have not been investigeted. 
Lt. Snidecor emphasized the advisability of sending all ine 
formation which might be useful for practical instructional 
purposes to BuPers, no matter how simple the information seemed. 


BuShipss: Capt. Bittinger requested development of a variable- 
sacattTeabind spttcal instrument for use in all kinds of 
visual search. Discussion of this matter by Lt. Comdr. Pulling 


and Capt. Bittinger revealed that in the past the advantages 
have not justified the expense. 


Comdr. Brown described his proposed manual of instructions 
for observing. This handbook is intended to teach Naval 
personnel the principles involved in observing by picturing 
for them the appearance of targets at or near the visual 
threshold. 


NRL: Dr. Tousey described the organization of NRL and indicated 
Visual problems with which the Laboratory is primarily con- 
cerned, Plana are being made to. continue the development of 
trensmissometers, photometers and intermittent signaling 
devices, NRL is interested in the visual factors pertinent 

to the performance of optical instruments, In this connection, - 
data on the visibility of targets are needed. : 


NMRTI Lt. (jg) Jd. E. Birren reported that this activity will 
be concerned with vision only in terms of the human factors 
in instrument design. 
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MFRL, Camp Lejeune: Ensi Mueller stated that Camp Lejeune 

ae conducted research in the past for the Navy and the Marine 
Corp, including miscellaneous studies in vision. He em- 
phasized that the available facilities are limited. 


David Pay ior Model Basin: Dr. Windenberg reported that David 
yior Mode Fe) 5 terested in instrument design. The 
difficulties inherent in field tests suggest the advisability 
of a facility to provide an intermediary step between labora- 
tory and field conditions. A model of such a facility (imown 
@s @ small-scale Visibility Theatre) is now located at the 

Model Basin. 


ORI: Comair. Liddel deacribed the mechanism for establishing 
research contracts between civilian laboratories and ORI. 


The Chairman summarized the discussion of facilities and 
research needs in the armed forces. He reported that, prior 
to the meeting, the Vision Committee staff had accumulated 
suggestions for research needs and information about civilian 
laboratory facilities. He requested that a digest of the 
information compiled in this way be incorporated into the 
Proceedings of the meeting. 


Research Needs in the Field of Vision 


The general fields of investigation considered as proper sub- 
jects for vision research are presented in outline form: 


A, PHYSIOLOGY AND PSYCHOLOGY 


I, General, textbooks 
IIe Visual aouity and contrast sensitivity 
III. Visibility as a function of wavelength 
IV. Color vision 
Ve Night vision 
VI. Visual fields 
VII. Flicker end summation effects 
VIII. Distance (depth, stereoscopic vision) 
IX. Ooular dominance and binocular phenomena 
X. Perceptual phenomens 
XI. Motion perception 
XII. Autokinetic and similar phenomena 
XIII. ro 9 Areca + | 
XIV. Vitamins and diet (vitamin therapy) 
XV. Metabolic factors (anoxia, blood sugar, carbon 
dioxide, and hyperventilation) 
XVI. Drugs and other factors 
XVII. Visual fatigue, eyestrain aro ye a 
XVIII. Peripheral muscular mechanisms 
XIX. Intrea-ocular tension; glaucoma 
XX, Visual illusions 


== 
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Bo VISUAL EXAMINATION AND TESTING (INCLUDING METHODS AND 
INSTRUMENTS ) 


Ie Vesting methods — 
II. Induction end smployment reahae nae 
III. Examination of inductees and military personnel 
IV. Refractive errors 
Vo, Acuity 
VI. Color vision. 
VII. Depth perception 
VIIX.. Night vision testing 
IX. Accommodation 
X,. Musele balance 
XIe. Interpupillary distance 
KIT. Selection for military specialties: 
| (a) Stereoscopic hei ght finders and rangefindere 
(bd) Aircrew | 
| o{¢e) Radar operators 
KIIL. Ma lingering and neuroses 
KIV.. Special ret ti 
XV riapebeoscesoneret rh 


Ce CORRECTION OF OCULAR DEFECTS IN MILITARY PERSONNEL 


1c General ophthalmology saree 
IT.” es correction wT LO 'SOL8 4 
: (a) Glasses oo ©" SaeC 0 
(0) Goggles 
(a) Gontact lenses © 
Tit, Corrective training — 7 
(a) General. aoodsxer , 1 21eRe 
(bo) Acuityooo © % : eileen 
-({e) Phorias. | | Loo Ga 
(a) Color vision 


D. TRAINING oFOR “MILITARY: SPECTALTIBS | otic Lebaiic OPTIMAL, 
CONDITIONS AND: ‘PROCEDURES? JOB! ANALYSES) ah 


le Recognition aniemenreds sqeot0 

TI. Visual search “cliae Peeing’ 
(a) Night Lookout’ ents OFA 
(ob) Airesea seardh®?.— piper bry 44 
oe) Naval lookout) LLosms £N oF 
(a) Ground patrol’ (including ‘tight ae 
(o) Night flying | 

ae, _ Specielized duties: to Sais. carr 

: fap Rangefinding eso. Levetv 


(bo) Radar (and. ekg operation 
(eo) Other fire’ eontrod 
(ad) Pilot Rito fai ere FB 


aM BSN eo ee 
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E. OCULAR TRAUMA (IN MILITARY: SERVICES) 


I. Mechanical injuries (incidence and types) 
TI. Chemical (gases, drugs) 
III. Burns (flesh, general) 
IV. Arco welding 
VY. Solar radiation 
VI. Radar operation 
VII. Detached retina 
VIII. High and low pressure, blast 
IX. Localization ard diagnosis 
X. Surgical treatment 
(a) General 
fb} Removal of foreign bodies 
c) Plastic surgery 
(ad) Keratoplasty 
(oe) Prosthesis 
(f) Enucleation 
(g) Detached retina 
XI, Conjunctivitis 
XII. Infections 
XIII. Medical treatment 
(a) General measures (drugs, physiotherapy, etc.) 
(bo) Sulfa drugs 
(c) Penicillin 
XIV. Trachemea 
XV. Rehabilitation 
XVI. Blindness 


F, GOGGLES AND OCULAR PROTECTION. 


I. General purpose (sun, wind, dust) 
II. Dark adaptation 
III. Structural design 
| | (a) Fogging and frosting 
| (ob) Visual field restriction 
4s ) IV. Helmets, face masks, visors 
| Ve. Industriai protection 
VI. Gas protection 
VII. Sun-scanning 
VIII. Filter combinations simulating night visi 
IX. Special visual aids 7 
lé Tracer 
(b>) Submarine targets 
(¢) Horizon 
(4) Camouflage 
(a) Anti-searchlight 


ee 
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G. ILLUMINATION 


Io 


IIo 


Sources and materiala 
(a) General 
(b>) Luminescent 
Interior illumination 
(a) General 
Cockpit 
ship 
Submarine 
Armored vehicies 
(f) Radar and other ihathiatiGis 
Maps and charts 
Instruments and dials 
Dazzle 
Factories 
Airports 


Ho VISIBILITY AND. SPECIAL PROBLEMS 


VI. 


Visibility of targets under natural illumination 


ae ee 


(a) Dials and controls 
(o) Radar presentations 
(c) Printed markers 
Blackout (including exhaust) 
Obscuration by smoke 
Camouflage 
(a) General (materials, paints) 
(b) Ground © 
(c). Ships 
(a) Aircraft 
Visuai signals 
(a) Light hla 
(o) General | 
(c) Ultraviolet and infratred 
{a} Retroreflective — 
Transparent sections 
Vision from enclosures 


(a) Tanks OS. ermcaie 
(ob) Aircraft erected 
(c) Director eohtro¥ towers 
Gun flash 
Searchlights — 


Gunfire aap tiinn 


: 
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Jo MILITARY USE AND DESIGN OF OPTICAL INSTRUMENTS AND 
AIDS TO VISION 


I. Fire control instruments 
(a) Gun sights (directors, trackers) 
(>) Night gun sights 
(c) Reticles 
II. Rangefinders 
ItI. Viewing devises (binoculars, telescopes, periscopes) 
IV. Special scanning devices 
V. Optical engineering; materials and methods 


Correspondence with Vision Committees members revealed that 
the most immediate research need is summary technical reports 
of the research conducted during the war years. 


Specific suggestions for research needs are presented below, 
designated with reference to the outline of research tcpics 
above: ? . 


A s= TI. Medical Research Laboratory, New London, reports the 
need for a study of visual acuity as a function of visual 
distance. It also reports the need for a continuation 
of the study by Dr. F. D. Burger to determine variations 
in visual acuity at low illumination levels. 


IV. Medical Research Laboratory, New London, reports the 
need for a study of the nature of photoreception, especially 
for chromatic objects. In addition, a study of foveel- 

and para-foveal color vision (including macular pigmenta- 
tion) should be undertaken. 


Vo. Dr. Hartiine indicates the need for investigating the 
rate and extent of dark adaptation during the initial 
few seconds. 


VIII, Medical Research Leboratory, New London, enphasizes 
the need for fundamental research in depth discrimination. 


XV. Medical Research Laboratory, New London, mentions 
the necessity for information concerning the effect of 

~ reduced oxygen tension on scotopic perimetry and scotometry. 
These studies, it is believed, will reveal most effec- 
tively the effects of oxygen on rod function. 


Be= VI, Medical Research Laboratory, New London, considers 
there to be need of a color vision test to evaluate the 
degree and type of color deficiency, with adequate 

_ standardization, 
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VIII. Medical Research Laboratory, New London, suggests 
thet the use of autokinetic neptagmus as an objective 
test for scotopic perception be investigated. 


III. 
&. Medical Research Laboratory, New London, con- 
Siders there is need for a thorough and unbiased 
study of orthoptics and alleged treatments of myopia. 


ad. Navy (BuMed) suggested that the Dvorine method . 
of corrective retraining of color blindness be 
investigated. 


XVII. Medical Research Laboratory, New London, reports 
the need for a thorough investigation of visual fatigue. 


I. Army (Quartermaster General) requests answers to the 
following questions: 


, & Exactly what minimum density of sunglass is required 


to preserve subsequent dark adaptation? 


be. At what maximum density does the PAPRPARAPS fail to 
yield profit? 


co. What is the Sein ttt ily effect of the inclusion of 
polarizing material in the. sunglasses? 


dad. What is the maximum amount of color which is permissible 
before prejudice to color vision? 


6. If an amount of color is permissible, what color is: 
preferable? 


Io The Operations Evaluation Group, CNO, has submitted 
the following problems: 


(1) To find the probability of detecting a target ina 
given length of time as ea function of its apparent 
size, shape, and contrast, the illumination, and the 
size of the field of view. 


(2) To find the time required to identify a target at a 
known position as a function of its apparent size, 
shape, and contrast, and the illumination. 


(3) To find the accuracy with which a given sight can be 
set on a given target as a function of the type of 
Sight, the target size, shape and contrast, the il- 
Lumination, and the motion of the target. 


(4) To find the effect of the atmosphere on the apparent 
contrast and illumination of targets. 


a ee 


151. 
CI 


Comdr. Dayton Re Ee Brown, oonueees has submitted the followe- 
ing recommendations: 


1. 


20 


50 


5 


6. 


A text book based on our experience | to date, on "The 
Fundamental Principles of Observing" be prepared for 
required reading of all Naval Midshipmen and students 
and instructors in lookout schools. This book can be 
enlarged and amended efter further researches in vision 
and visibility have progressed. 


An investigation be made to establish means for deter- 
mining the "visibility" (as defined by the meteor- 
ologists) more completely and in terms of the likely 
perception of one of a number of common objects day 
or night rather than in terms of the recognition of 

a large dark object in daylight only. 


An investigation.be made to establish the relationship 
between the visibility of common objects (or objects 
of military or Naval significance) and the fundamental 
functions of illumination, brightness contrast, size, 
shape, color, and atmospheric attenuation. 


An investigation be made which will permit the quali- 
tative and quantitative analysis of the visibility of 
atolls, landing fields, ships, aircraft, lighthouses, | 
navigating lights, test objects of given size, etc., 

in terms of the fundamental functions wherever possible, 
and also in terms of the more commonly availabie con- 
tributing variables such as sea and sky brightness, 
wind force and direction, cloud cover, barometric 
pressure, relative humidity, temperature, type and 
level of illumination, etc. 


An investigation be made to determine the illumination 
and reflection properties of lights and common objects 
respectively which have direct bearing on Navigation. 


An investigation be made to determine the visivility 
of wires, pilons and other obstructions commonly on 
or in the vicinity of aircraft ianding fields. 


The U. S. Weather Bureau, currently engaged in a Visibility 
Projects Survey, has submitted a statement of needs in visi- 
bility research, prepared by L. P. Harrison and H. H. Neuberger: 


The statements represent the result of a preliminary survey 

of recent and past visibility research and do not claim com- 
pleteness. Also, some of the phases may have been +) sheeathdas 
but not yet come to the attention of the writers. 


The problems presented stem largely from the requirements of 
military and commercial traffic in the air, at sea, and on 
land for visibility observations and forecasts. 
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All of the past theoretical work was based on idealized condi- 
tions and simplification of some of the physical processes 
involved and omission of others. Experimental work was per= 
formed either in the laboratory or in the field under selected 
conditions. Generalization of results obtained under special 
conditions or the application of leboratory results to field 
problems is not necessarily valid without further research 
especially in view of the fact that no criterion is available 
for recognition of the existence or non-existence of “ideal" 
conditions in the field. 


The need for research in theory, and in objective as well as 
standardized subjective field methods of measuring and observe 
ing visual range is outlined as follows: 

A. Horizontal visual range in daytime, when 


1) the target is black, white, or colored (with various 
degrees of reflectivity) 


2) target is viewed against various types of terrestrial 
background | 


3) no natural targets are available or there is insuf<- 
ficient choice of such targets as on board ship, 
on small islands, or in flat isolated country 
i.) target 4s not of simple geometrical shape 
5) subtended angle of target has a value from a small | 
~fraction of a degree to “ maximum likely to be ! 
used 
6) various conditions of sky cover exist especially 
with non-uniform clouds, or thin overcast; also 
clear sky with non-bdlack targets 


7) underlying terrestrial surface is not a uniform 
diffusely ube ost take surface (land and sea) 


8) sun is at various asiamtbs! with line of sight 


9) horizon sky begins at: various angles of elevation 
above the top of the» Sot pet : 


10) line of sight is inelined by a “small angle 

11) dense. fog, haze, smoke: or ateby pieveiis 

12) precipitetion (rain, snow, etc.) is falling 

13) airlight is cut off, in part, by large objects {mountains 
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B. Analogous problems for “night time horizontal visual 
range, including mee] 


Co 


ae 
2) 


Ee 


a) 


b) 


c) 


instruments for measuring visibility 


the use of various types of reflectors as targets 
at isolated stations or on small islands 


floating light sources (temporary or permanent) for 
use on voard ships or on small islands 


Slant visibility and horizontal visibility aloft 


1) 


k) 


ok 


balloon=carried instruments for measuring visibility 
conditions aloft . 


possible use of ceilometers to measure vertical 
distribution of attenuation coefficient 


translation of horizontal into oblique visibility 
under verious conditions 


palloon-cerried Sergets for hoa poste slant visibility 


relation of various meteorological elements to ile 
Lumina tion at the surface 


Standardization of observing procedures 


2) 
a, 


WD 


adoption of target standard in respect to angular 
size, shapes, reflectivity and color, candle power, 


_ distence a 


reduction of data derivea from non-standard targets 


use of reflectors with trarsmi ssometer to eliminate 
lengthy cables and Possibly increase base length 


‘determination of conversion ‘factors for vérious 


atmospheric conditions which will ‘translate trans- 


‘mi ssometer measurements: into visual range 


) Bebb gn et of phystologtcal optics to observing 


-oblem { vise ght and dasrk’ adaptation etc. ) and 
electio of meteorological observers. 


General Problems 


1) 


‘the validity of ‘Koschmtedér-Léhle ‘airlight formule 

and its limitations, (thé question of attenuation 

coefficient as a Lessa of target distance in day 
time end at night)”°=~ °°" 
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2) applicability of threshold values obtained in 
laboratory to various conditions in the field 


3) microephysics of the. atmosphere (the relationship 
between optical properties of the atmosphere and 
other physical properties such as suspensoids, 
turbulence, etc. ) 


lh.) spectral properties of attenuation in the atmosphere 
and its application to. signalling, lighting, goggle 
vision etc., especially under conditions of fog 
and haze 


5) possible development of laboratory method simulate 
ing earth, atmosphere, and sun, in which the various 
optically "effective factors (such as 1llumination, 
precipitation, etc.) can be variably. controlled. 

(* Equi velent solar-terrestrial-atmospheric optical 
system" in which dimensional similitude conditions 
must. be satisfied) 


6) the forecasting of visibility in synoptic practice 


J e««# TiI, Operations Evaluetion Group, CNO, report need for 
information concerning the effect of optical systems on 
the apparent sige, contrast and illumination of targets. 


The group which had withdrawn to consider. the AGO research 
program returned its report: 


Discussion by various members of the Army-Navy-NRC Vision Com- 
mittee revealed substantial agreement with the proposed design 
for the AGO experimental program. Specific issues discussed, 
and decisions reached are listed: 


a, .The list. of test charts was considered satisfactory 
with one additional test chart being recommended for 
inclusion in the experimental battery. This test chart 
presumably measures vernier acuity. . The figure in the 
chart is a cross with one of the four lines in the cross 
split and offset a slight amount at half its distance 
from the center of the cross. 


Deéeincdd, were in agreement thas no | single scoring procedure 
should be followed without then etie ayaa of its merits 

and that several types of scoring ereaesures should be 
studied. 


Ce The practice problem for training sunsets to guess 
was considered satisfactory. 
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ad. Lt. Comdr. Dean Farnsworth was the only member of 
the group who had any serious objections to handing the 
subject a familiarization chart before seach test. It 
was recommended that a trial run using such familiari- 
zation charts be undertaken at New London before making 
the final decision on how these familiarization charts 
should be presented. 


@. It was agreed that the floor coloring should be a 
darker color than the rest of the test sooth to compensate 
for greater incident illumination. 


f. After considersble discussion, it was agreed that ail 
testing should be done with the left eys. Arguments for 
the dominant eye or the right eye were counteracted with 
the opinion that a wider range of scores would be obtained 
on the left eye. It was also agreed that it would be 
desirable either to eliminate all men who habitually wear 
glasses or to identify them clearly and record the length 
of time that the glasses had been removed prior to testing., 


&o On the basis of distribution of test scores on Snelien, 
New London, and other charts reported earlier in the meet- 
ing in the study, "Visual Acuity Measurements with Three 
Commercial Screening Devices", questions were raised as 

to the range of the items in the various test charts. 

It was agreed that the lower limit on the test charts 
should be at least one logarithmic step below 20/10, 
namely, 20/8. (a figure of 0.02933 inches at 20 ft., a 
minimum visual angle 0.121), and it was also egreed that 
if possible, the upper limits should exceed 20/0. 
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DIGEST OF DISCUSSION CONCERNING 
FUTURE ACTIVITIES OF THE COMMITTEE 


The Chairman called for a @iscussion of desirable future 


activities for the Commit tee: | 


Various members emphasized the necossity that the Committee , 
or some other agency, provide effective liaison between civilien 
sclontiasats and militery officers. 


(1) %It was proposed that permanent line officers of the 
Army and Navy be invited to appear at a subsequent meete 
ing of the Committee, to discuss the research needs in 
the field of vision in the light of their recent combat 
experiences. 


(2) It was reported that civilian scientists could gain 
access to military installations through their appoint- 
ment as consultants to one of the several military agencics. 
This mechanism has been established as a part of the 
present organization of the Committees, 


It was proposed that the Committee act as temporary custodian 
of war-surplus experimental equipment, to be made available 
to civilian laboratories or military installations. 


VOTED: That a subcommittee be appointed to establish means 
whereby equipment for visual research can be received, 
stored and made availabie on loan for use by various 
laboratories, civilian and military. 


Subsequently, the following committee was appointed: 


Comdr. Urner Liddel, Chairman 
Lt. Comdr. Nathan H. Pulling 
Dr. Detlev W. Bronk 

Mr. John E. Darr 


The Chairman asked the Committee its wishes regarding number 
of meetings. A show of hands indicated that the membership 

desired the Committee to schedule three additional meetings 

during the calendar year. Discussion indicated the advisa- 

bility of holding at least one meeting at which small worke 

ing groups could discuss technical issues. 


The Chairman requested assistance from the membership in adde 
ng persons both qualified and interested to the representa=- 


. tion at the meetings. Suggestions were received which 


included: U.S. Weather Bureau; Army Signal Corp; Weather 
Division of Army; Gel, Army; Ships Chsracteristic Board; Gel, 
Army and New Developments Division, Army Staff, 
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Comir. Brown requested that the Vision Committee consider 
recommending to the Navy that a field headquarters for vision 
research be established at Point Loma, California. 


The membership of the Committee agreed in general to the need 
for new facilities for vision research, but did not wish to 
make a definite recommendation without careful study. Accord- 
ingly, it was recommended by the Chairman that Comdr. Brown's 
suggestion be tabled, 
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128. Cathode Ray Tube Screens for Daylight and for Night Viewing. 


Gt. Brit. Research Laboratories of the General Electric 
Co., Ltd. Re G. Hopkinson. Report No. 8713, Ref. No. 1R19, 
21 Aug 1945 (R) 


Various luminescent materials were tested in order to perfest 
a C.R.T. screen which could be used both for day and night 
viewing. In the day, maximum luminous efficiency is desired. 
At night, a distribution of energy is recuired which will — 
permit maximum clarity of foveal vision without disturbing 
the level of adaptation of the peripheral retina, 


Tests were made on various phosphors to determine the luminous 
efficiency in day viewing. With the addition of a red filter, 
computations were made to determine the amount of foveal 
excitation relative to peripheral excitation for each of the 
materiais tested. Under these ciroumstences, the most satis= 
factory material (including willemite) was a sulphide powder, 
013248, which is a form of Z2nS.Cds:Cu. 


in the United States, N.RoL. and the Johnson Foundation have 
used & willemite screen, with an orange filter for modifying 
the spectral quality of emission in order to provide maximum 
efficiency in night viewing. When willemite is used under — 
these conditions, its overeall efficiency for low accelerator . 
woltages is equivalent to that of 0132A8 in conjunction with 

a red filter. In voltages greater than 2 KV, however, willemite | 
and en orange filter are not as efficient as 013248 and a red 
filter. | EE 
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129. Threshold and Signalling Ranges of Point Sources of. 
fight in Fields of Brightness from Dark to Daylight. 


¥, 


9° 9 o Ao3 Beard, Yo Bo3 OUBSY , RS and E. Pe 
Hulburt. Naval Research Laboratory Report H-2627; 
11 October 1945, 20 pp. Open 


The threshold illumination at the eye for a steady source of 
light subtending 1.0 minute of arc was measured for fields of 
brightness surrounding the source varying from complete dark~ 
ness to bright daylight. Observations were binocular, and 
the five observers were allowed to fixate where they chose. 
The threshold was defined as the illumination at which the 
source was alwayea just visibie. 


A 20° uniform field surrounded the source; experimentation 
showed that threshold illumination was not noticeably changed 
when the diameter of the field was reduced from 20° to 0.8°,. 

It was demonstrated that threshold illumination was not schanged 
if the uniform field were replaced by a bipartite field, one 
portion of which was dark, and if the source varied in distance 
from the nearest portion of the boundary line from 5° to 0.4%. 


A mathematical treatment of the effect of the atmosphere upon 
Zilumination from a point source of white light is presented. 
The threshold illumination data are combined with appropriate — 
atmospheric attenuation factors in the form of a range nomoe- . 
graph. This nomograph permits the computation of the threshold 
range from source candlepower, sky brightness, and condition 

of the atmosphere. Ranges computed in this way were found to 
be in agreement with Naval experiments at sea. 


The conversion of threshold candlepower into candlepower ade= 
quate for signalling purposes can be accomplished by applica= 
tion of a factor varying between 40x and 150x. 


130. Comparison of Various Screening Devices with Standard 
Wedt oat Visual Procedure. 


ulgman, Jo ; rnsworth, Dean; Cook, Ellsworth, B; 
Bartlett, Neil R; and Mary I. Kindred. Progress Report 
No. 1 on BuMed Project No. x-l93 (Av-26%ep) Medical 
Research Department, U. S. SubBase, New London, 9 pp. 
Open. 


A preliminary statement is mede of the research program under- 
taken at New London to compare the performance of three come 
mercial visual sereening devices with standard visual testing 
procedures. The three screening devices were: Bausch and 

Lomb Ortho-Rater, Keystone Ophthalmic Telebinocular, and 
American. Optical Visual Screening Device. The data of this 
report are concerned primarily with the Ortho-Rater. 
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"It was evident at the outset of this study that clinical 
visual testing procedures were not sufficiently standardized 

to. permit comparisons of the performance of devices constructed 
as screening tests for clinical examinations. 


"Accordingly, visual examination procedures were defined. 

First, the conditions of testing were stipulated and controlled; 
these involved: (a) some control over the physical condition 
of the observers to be tested; (b) specificity of the testing 
procedure; (c) test-target illumination; and (d) test-targets. 
And second, acuity standards and methods of administration and 
recording were Yefrined. 


"Preliminary data indicated that no single visual screening 
device among those studied was more reliable in all respects 
than any other. 


“Study of the problem of near vision versus far vision does 
not substantiate the hypothesis that a measure of far acuity 
is @n adequate index of acuity for near objects, 


"Similarly, the evidence does not indicate that 6 measure of 
lateral heterophoria for distance is an adequate index of 


_ jateral heterophoria for near vision. 


“The distribution of interpupillary distances for 3066 enlisted 
men examined at the Submarine Base, New London, is presented., 
It is observed that the average interpupillary distance for 
this selected population exceeds that for a standerd population 
previously reported in the literature. 


"Me following reliability coefficients were obtained for the 
Ortho-Rater, based on a large population of candidates for 
Submarine training: | 


{a) Distance ACULEYcscosvccccecec cede 2 
(b) Lateral phoria (distance ) ececeQe 
(oc) Lateral phoria CAME TL cc cs ceed 


It is reported that there is no indication that binocular 
presentation of testetargets, as accomplished in this device, 
renders the measurement of single-eye acuity unreliable. 
Furthermore, the hypothesis that lateral heterophoria scores 
derived from this instrument ere related to interpupiliary 
distance may be dismissed." 
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131. Visuel Acuity Measurements With Three Commercial Screen- 


ng Devices. 

ei feean John Hs; Cook, Elisworth, B; and Neil R. Bartlett. 
Progress Report No, “Ys Pulled Pro jeat No. x93 (Av-263-p) 
Medical Research Department, U. S.. SubBase, New London, 

7 February 1915, 43 ppe, Open 


"fhe procedure for evaluating visuel screening devices from 
the standpoint of validity is outlined, and treated from @ 
methodological and theoretical atandpoint. 


"Results are presented on comparative efficiencies of three 
instruments {Keystone Telebinocular, Bausch and Lomb Orthoe 
Rater, and American Optical Sight Screener) for measuring 
visual acuity. , 
"In order to compare the instruments with a reasonable standard, 
it was necessary to construct indices for near and far acuities 
that are more reliable than scores with commercial Snellen 
charts, These improved measures were employed as criteria 

for assessing the validity of the scores Feo Ser by the thres 
Instruments. 


"The comparative restabillity of each of the devices was deter- 
mined by computing the consistency of measurement. 128 ob- 
servers were examined twice and the reliability was calculated 
by analysing the data on first and second examinations. 


"Of the three instruments, the Keystone Telebinoculer proved 
inferior in both validity and reliability to the Ortho-Rater 
and the Sight. Screener. No choice between the other two is 
indicated, in the opinions of the writers. 


"In every instance, the reliability of measures of acuity for 
distance is greater than the reliability of masures for near. 


"Evidence is presented showing that selection of personnel for 
near-point operations should be based on near acuity measures 
rather than on far acuity MOASUres. 


"The reliability of measurement with screening Sie cube g Nae 
(following procedures preacribed by the manufacturers), 
inferior to that of letter-chart tests conducted aot at 

to the method outlined herein. However, the reliability of 
any test may be modified by simple changes in test procedure," 
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132, Abstract of the Scientific Work of Professor G. von 
udnite en s Assistants. 


Professor von Studnits, “an expert in Zoology and related 
Physiology, specializing in eyes, sight, gi color blindness" 
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has been retained by the U. S. Group Control Council 
(Germany). The following abstract of his scientific 
work was prepsred by the Office of the Director of 
Intelligence, Field Information Agency, Technical. 
American scientists interested in "exploiting" Professor 
von Studnitz should request it immediately. Address; 

FIAT, c/o USFET Main 

APO 757, US Army 


Abstract: “In the beginning of 19.2, the Supreme Command of 
the German Navy (and a little later also that of the Luftwaffe 
and Army) asked me, who had worked for 12 years about photo- 
chemistry of vision, if it would be possible to rise dark 
adaptation of the human eye: that means to enable a; better — 
and quicker recognization in the dark and dim-than in normal 
Satate; a problem, which they held of greatest importance for 
submarines, night-fighters, a.8.0., not only in ware, but also 
in peace-time,. © 


"I thought it possible by a medicamental influence on the 
photolabile substances causing vision, and one year later, my 
collaborators and I had developed a drug, by which the retina 
reached an 6state of sensitivity twenty-five fold above that 
of the normal 2x8 in the same time as usual dark-adaptation. 
cause of missing the raw-material for this drug, this could 
not be further developed or employed in ea greater measure. 


"Besides these researches we had begun other ones which led, 
in Autumn of 193, to another drug with a comparable but much 
more persisting effect, a further advantage of which is, that 
it may be got in each quantity from certain plants contains 
ing the raw-material. Inl they were built and the drug 
was manufactured in @ more expansive manner. Its first intro= 
duction into some units of the Navy happened in February and 
March 1945. Further experiments of our own to simplificate 
the treatment with this drug and make it more effective were 
interrupted at the same time. 


"In former years I had succeeded to find the 3 photolabile 


substances which enable day-and colour-vision and to develop 
‘a new theory of this kind of vision and the different types 


of colour-blindnesses. In the course of the above-called 
researches we furthermore succeeded in getting designs of 
the chemical constitution of the 3 "colour-substances” and 
began to prepare respective drugs to influence resp. heal 
colour blindness. This was possible, in the first few cases 
We could study until Spring 195, for persons with weakness 
in seeing green, whereas development and examination of 
respective drugs for other types of scolourebdlindness would 
afford further researches. These experiments also were 
assisted by the Supreme Command especially of the Navy and. 
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Luftwaffe, since 7-10% of all male people is colour-abnormal 
and therefore not fit for professions as sailor, flyer, railway-~ 
employees, 8.8.0. 


“Te nearer exploration of the above~called colour substances 
let us hope to make visibie one day rays not yet visible, as 
those of the ultraered space of the spectrum. These studies, 
besing especially on the researches of my cooperator Dr. 
Loevenich, also claim the greatest interest as well in 
practical as in theoretical respect. 


"The special apparatures necessary for the above researches 
and its continuation, as well as all important protokols, 
papers 4.8.0. were removed with me from Halle and find in my 
luggage at Klein-Gerau and Darmstadt." 


133. Influence of Carotenoids on Dark Adaptation in Man. 
von Stu z, G3 gger, Hz an o Ke Loevenic 
The Office of Military Government for Germany (US) obtained 
a manuscript prepared September |;, 19) summarizing the 
work of German scientists on improvement of dark adapta- 
tion by certain carotenoids. A summary was prepared by 


the Office of the Director of Intelligence, Field In- 
formation Agency, Technical: 


"Carotenoid containing extracts of the dried flower Tagetes 
tula flore pleno, consisting mostly of Lutein, were fed fn 

emulsified form in Sesame or olive oil. A sharp response of 

8=10 fold in the rods and a 3 fold cone response over the 


normal was noted. After cessation of the feeding of the 
supplements this effect slowly fell off. 


"Te flowers were grown on a emall plot 20 yards square by 
Prof. TROLL. The flower portion of the plants was gathered 
2-3 times a week, dried overnight at o-h50 C. ground to a 
meal and stored in @ cool place in the dark. Lutein dipal- 
mitic acid ester was prepared from the meal by Prof. BROCKMAN 
as follews: Three extracts of the meal with hot methanol 
were followed by extraction with 90% acetone and finally by 
standing for 12 hours in 100% acetone. In the next step, 
which consists of refluxing the residue with 100% acetone, 
the Lutein dipalmnitic acid ester goes into solution. The 
filtrate is allowed to cool to room temperature and the pre- 
cipitated sterols filtered off. The filtrate is further 
cooled in the ice chest and the ester precipitates at this 
point. An orange colored amorphous product of m.pe approxi- 
mately 820 ¢ results. One per cent of this product can be 
dissolved in Sesame or olive oils by heating to 05° C. 
‘The dark red oi1 solution is emulsified with 50 parts Gum 
Arabic and 1,500-2,000 parts of distilled water. 
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"The material is administered by mouth 3, 6, and 9 hours before 
the measurement of the dark adaptation ability of the subject. 
Cone adaptation was measured by means of the Nyktometer using 


the method of Comberg; rod adaptation emplcyed the method of 
NAGEL and also that of NOWAK=-WETTHAUER using the Adaptometer. 


"Te doses of Lutein ranged from 100 mg. = 600 mg. per sub ject 
per day. Since the Lutein preparation contained 1% beta= 
carotene the effect of pure beta-carotene on cone and rod 
adaptation was ascertained. The Lutein effect was distinct 
from that due to the beta-carotene present." 


13. Vision in Air Sea Rescue Search 
E. S. Lamar oe | 
Operations Evaluation Group Study No. 250. 

. Operations Evaluation Group, Office of the Chief of 
Naval Operations; January 18, 1946, 14 pp. C. 


Operational data concerning detections made in air sea rescue 
search have been analyzed in the light of a theoretical 
treatment, based in part upon laboratory data of Craik. 


Conclusions: 


"The range at which a given target can be seen in daylight is 
largely determined by its apparent area and contrast, its 
shapes and color being of only minor importance. 


"The contrast of a given target is dependent upon the altitude 

and relative bearing of the sun, and upon atmospheric haze. 

No effect of cloud cover or sea state was detected for cloud 

covers deme, from 0.2 to 0.7 inclusive or for sea states 

ranging from 2 to ab “be Further trials are needed for 
sea states in excess of 


"Daylight airesea rescue search is most effective between mid~ 
morning and mideafternoon, i.6., when the sun's altitude | 
exceeds 30°, 


"Parallel sweep search is more effective if the successive 
legs are up or down sun than if thoy are across sun. For the 
up sun sweep, the lookout assignment should: include one man 
in the tail gun position in the aircraft. 


"The lookout assignment should provide for uniform coverage 
of the forward 1 of azimuth, with an additional lockout 
in the tail gun position to cover the aft 45° during the up 
sun PUNSo 


"Scanning should be carried out almost entirely along a line 
| a few degrees below the horizon with only short glimpses closer 
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in. This results from the fact that the “corner of the eye" 
can be yelied upon to sight most of the targets near ne 
aircraft. 


"In the present stage of the art, naked eye search is more 
effective than binoculer esearch from aircraft in daylight. 


"The 'Learned signalling mirror’ can be seen much farther from 
an aircraft than the aircraft can be seen from a life raft, 
provided of courge that the aun is not obscured by overcast. 
Hence, making contact with the aircraft depends upon the 
abilities of the life raft occupant as regards search and 

skill in using the mirror. The advantage of training and ariii 
in the use of this excellent piece of equipment cannot be 
overemphasized, 


"For sea states of 6 or less, the average range of pick-up of 
Dye Marker ~- Life Jacket Packet, is more affected by time in 
the water than by sea state. Further trials are needed for 
sea states in excess of 6. This average range reaches its 
maximum value about 15 minutes after the packet is in the 
water, At the end of about an hour, the average range drops 
to about half its maximum value. 


"Since the use of mirrors, dye markers and other means of make 
ing contact requires that the occupant of the life raft first 
detect the search craft, aircraft for air-sea reacue operations 
should be made as conspicuous as possible. For daylight search 
this is best accomplished by painting the aircraft black. 


"Naval or other personnel in life rafts should scan uniformly 
over a line a few degrees above the horizon. Training in 
scanning and in the use of mirrors, dye markers and other 
means of making contact is of the greatest importance for eil 
prospective subjects of air-sea resoue search. 


"The quantitative conclusions concerning the ranges at which 
various targets can be seen and theprobabilities that they 
will be seen with any given parallel eeee spacing are given 
in an appendix." 


135. A Study of Pupil Size at Low Levels of Illumination. 
—_—  Trving agmen , gon roundation, Ve O eee ate 
| Section 1601 psec No. 13s OSRD Report No. 6098; 
October 15, 19453; 1h pp. 


-"A gatudy was made of pupil size at low levels: of illumination 
in relation to the design of the exit pupil of night binoculars. 


"Pupil size was measured at these low brightness levels by an 
infrared photographic method on 10 observers. 
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"An analysis has been made of a British report on an extensive 
survey of pupil size. It has been shown by this analysis that 
the most satisfactory expression of pupil size is in terms of 
han I The distribution of average area of the population is 
normAlL . 


"The curve relating pupil area and log brightness has been 
accepted as standard. By calculating the average deviation 

of only a few measurements made on one observer at one or 

more brightness levels, from this standard curve, this observer's 
pupil area at any brightness may be obtained. 


"The curve shows a break in the region of 1 ul, suggesting the 
separation into rod and cone functions. It is, therefore, 
similar to curves describing other visual functions, such as 
brightness discrimination, visual acuity, threshold sensitivity 
to light ry E 


"The distribution of average area of the population makes 
possible the choice of the proper exit pupil of night binoculars. 
This choice must, of course, be a compromise with size and 
weight of the instrument. 


"The results obtained on the 10 Brown observers agree quite 
well with those of the more extensive British survey. 


"The total variance of pupil area consists mainly of the vari- 
ance of the average areas of the populetion. The individual 
fluctuations in pupil area from moment to moment and from day 
to day play a small part in the total variance. 


"At a constant brightness, the size of field must be varied 
considerably to make a significant difference in pupil area. 


"The results of an experiment on the effect of accommodation 
on pupil area indicate that the binoculars must be markedly 
out of focus before a significant effect on area and thus on 
range is obtained." 


136. Factors influencing the Negri ede of Range-Errors in 
@ space and in escopic Vision. — 
eport to the Services No. e Division 7, Fire 
Control. July 1945, 7 pp. Re 


Fundamental laboratory and field studies (see Abstract 137) 
have indicated that there are three important cues for normal 
stereoscopic vision, namely binocular parallax, size-difference 
and definition-changes (assumed to be effected by wave-front 
@ifference). If all these cues are available, as in normal 
vision, the angular range-error is only 0.03-0.05 seconds of 
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are. This precision is some 200 times better than the theoreti- 
cal expectation computed solely on the basis of the binocular 
parallax angle available to an observer. Also, thelinear 
rarnge-error is independent of magnifying power for any given 
range and the relative rangeeerror is nearly, though not exactly, 
independent of range. . 


147. Factore zt uence ne the meni tude of Range-Errors in 
ree~ cs and Telescopic Vision, 
Holway, Alfred H; Jameson, Dorothea A; Zigler, Michael 
J; Hurvich, Leo M3; Warren, A. Bertrand; and Elisworth 
Be. Cooke 
Division of Research. Graduate School of Business Adminis<- 
tration, Harvard University. August 10, 195. 31) pp. RK. 


The impressive body of experimental data is presented, upon 
which the conclusions given in Abstract 136 above are based. 


138, A New Fundamental Design of Stereoscopic Rangefinders. 
NDRC Report to the Services No. 106. Division 7, Fire 


Control, December 1915. 3 ppe Re 


As a result of the experimental data described above in 
Abstracts 136 and 137, it was concluded that "no considerable 
improvement in ranging acuity may be expected from redesign 
of the present conventional stereoscopic instruments which 
employ solely binoculer perallax as cue to the observer. By 
such redesign of existing instruments only a small fractionel 
factor of improvement in acuity may be anticipated. on the 
other hand, a redesign which will make available to the observer 
size-difference and wave-front difference cues in addition to 
binccular parallax cues promises to pay huge dividends in the 
way of reduced range-errors,. | | 


"At Harvard University an experimental instrument embodying 
these features has been designed and a bench model built 
(see Abutract 139). Apart from its embodying the three 
distance cues, this instrument is quite unsonventional in 
another respect, namely, thet it is equivalent to a single 
objective instrument in which the image volume is viewed 
stereoscopically by a binocular microscope as contrasted with 
the conventional rangefinder in which object space is viewed 
stereoscopically employing two completely separate and in- 
dependent optical paths. This single-objective feature should 
not, however, be confused with the feature of simultaneous 
and concordant employment of all three distance cues which is 
an entirsly separate and unrelated matter as far as theory 
of the instrument is concerned. 7 | 
Serres 
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"The particular instrument here described is applicable in its 
present design form only to relatively small ranges such as 
might be used for tanks, landing craft, mortars, etc, This 
renge limitation, however, is associated not with the threee 
distance cue characteristic but with the single-objective . 
charasteristic. It is possible that modifications in which, 
for example, a mirror is used instead of an objective, might 
make practicable the design of an instrument for larger ranges 
that would not be unduly bulky. . 


"Because of the end of hostilities and the subsequent closing 
of NDRC activities, it was not possible to develop this instru- 
ment beyond the bench model stage. However, Harvard University 
has produced a usable, handheld item.which may be employed for 
the taking of ranges from 250 to somewhat beyond 1,000 yards 
and which certainly illustrates the fundamental design 
principles involved." 


139 A_New Stereoscopic Range-Finder Based on Three Distance- — 


es 

Holway, Alfred H; Jameson, Dorothea A.3 and eo M. 

Hurvich 

Division of Research, Graduate School of Business Adminise- 
tration. Harvard University. December 5, 1945. 17 pp.. R. 


‘Detaila are given of the rangefinder of new design, described 


in brief in Abstract 138, 


1h0. Measurements of “Visuel" Fields with the Perimeter under 
on ons oO 8idologic Stress. 
Blum, Harold !. and M. Bruce Fisher 
Naval Medical Research Institute Research Project X-19, 
Report No. 1, November 26, 1945, 8 pp. Open 


"Measurements of visual fields with the perimeter are highly 
reliable when made by a single operator using a single teche 
nique, but differ by a few degrees for different operators. 


"With repeated msasurements by the out-in technique the perie 
motric field size decreases, the decrease being relatively 
irreversible. This decrease appears to result from a change 
in the subject's reaction or criterion, and is not based on 
& general physiologic change. 


"The reduction in perimetric field size which has been observed 
in subjects exposed to prolonged physiologic stress not ine 
volving anoxia, are probably no greater than those observed 
under non-stress conditions. Thus, this type of measurement 
does not seem valid as an index of physiologic change under 
such circumstances. 
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"Acute anoxia produces reversible reduction of the perimetris 
fields, apparently due to physiologic changes in the visual 
mecnanism. 


Uji. Notes on the Scattert of Light in Optical Fire’ Control 
nstruments. 
Coleman, Howard S. and Samuel W. Harding 
Section 16.1 Report No. lj; OSRD Report No. 6108, 
October 19, 19)5 19 PP. Re 


"The effect of the scattering of background light in optical 
fire control instruments has been considered. In devising 
means of studying this problem, three new pieces of equipment 
have been developed. 


“Preliminary investigations involving the use of the above- 
mentioned apparatus demonstrates the fact that there is scat-= 
tering of light’ present in telescopes of the M71, M72, and 

M76 types when there is a bright surround {outside of the 

field of view). This scattered light in the instruments reduces 
the contrast of the image formed in the telescope: 


"A study of the resolving power of the eye was made using 
targets in which the line: density was made to vary continuously 
from the white part to the center of the black part of the 
lines, in an effort to stimulate ‘targets which might be seen 
through an instrument, especially where scattering is present. 
fit was found that this type of target in itself did nothing 

to cause a deterioration of the resolving power of the eye at 
various pupil siges, at toask with the target well illuminated, 


"A preliminary comparison of the performance of the two M72 
telescopes, one with coated optics, and one with uncoated 
optics, indicates that the costing does nothing to reduce the 
amount of scattering of light in the M71 telescopes, and in 
fact probably makes the detrimental genie more noticeable." 
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Repan | ; y 
AAFP. ‘ATSC. Engineering: Division: Memorandum Repores 
Serial No. TSEAL 5=695=62.:: October 315 1945.0 2h pp. Open 


Three optical characteristics of ‘low vetinetanee coatings 
were considered. in terms of their effect upon visual perform- 
ance: total transmittance, haze; {i.e. scattering) and 
specular reflectance. Night vision was selected as the most 


appropriate visual function “because the annoyance pe of 
reflections is greatly increased at night.® 
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It was readily demonstrated that the small increase in total 
transmittance produced by low reflectance coatings did not 
affect night vision appreciably. The introduction of haze 
(amounting to a scattering of 1.5% of incident illumination) 
by low reflectance coatings, did not impair night vision as 
tested. The small reduction of specular reflections achieved 
by coating does not improve night vision as tested. 


143, Depth Perception through a P80 Canopy and through Dis- 
torted Glass. : 


panis, phonse and Stanely Schechter 
AAF, ATSC. Engineering Division Memorandum Report. 
Serial No. TSEAL 3-695-,8N. October 22, 1945. 15 ppc 
Open. 


Depth perception, as measured by the Howard-Dolman apparatus, 
is impaired in scanning through the forward section of a P-80 
canopy. The impairment is greater through the two curved 
plastic panels than through the bullet-eresistant glass. 


Large angles of incidence impair depth perception less if the 
glass is tilted back (or forwards), 1.¢., around a horizontal 
axis, rather than sideways, ise., around a vertical axis. 
This is consistent with the further finding that the main 
be} be of distortion is on the binocular cues of depth per- 
ception. 


1. The Interrelationship of Visual Acuity at Different 
stances. 
W. we Giese 
Journal of Applied Psychology, 30, pp» 91-106 (February, 
pe Se EE OIE : 


194.6) Open. 3 


A group of 89 subjects were tested for visual acuity at 
Gistances varying from 10 to 0.2 meters. The Bausch and Lomb 
multiple-choice checkerboard test was used, scaled appropriately 
for the various distances investigated. The checker pattern 
was always mounted in the center of an 8 x 8 inch card. Illu- 
mination of the test card was standardized at 8 foot candles, 
whereas the surrounding room was illuminated to 1 foot candle. 


The data of 89 subjects were used to determine the test ~ 
retest reliability of the checkerboard test at the various 
distances. Reliability coefficients were obtained which 
ranged from 0.72 to 0.93. 


The data of 00 subjects were used to determine the inter- 
correlations of acuity scores at various distances. Scores 
on tests at different distances were correlated positively but 
with low coefficients (an average of 0.\0). It was emphasized 


‘Gomi AL 


172. 
a 


that selection of personnel for tasks requiring visual performe 
ance at one distance could not be accomplished satisfactorily 
by testing visual acuity at another distance. It was demone- 
strated that the greater the differences in distance, the 
smaller were the correlation coefficients. 


The mean visual acuity for the group of 4.00 subjects was shown 
to vary systematically with distance, as follows: 


Distance Mean Visual 

(meters ) 7 Acuity 
0.20 0.95 
0,25 i.0 
0.3543 1.2 
0.4.0 1.37 
0.50 (1639 
1.0 21663 
5.0 Lo61 

10.0 2635 


It is evident that visual acuity increases systematically as 
a direct function of distance between 0.20 and 1.0 meters. 

An apparent reversal in the trend is demonstrated between 1.9 
and 10.0 meters. | 


Discussion: The explanetion of the apparent reversal in the 
relation between distance and acuity is not clear, ‘The assump- 
tion that there are only random differsness in acuity for 
distances between 0.1.0 and 10.0 metere is hardly justified 

by the high precision of the experimental results, 


Apparently, the only criticism of the research data is that 
the a ene size of the field of high brightness upon which 
the test object appeared was not maintained constant as 
distance was varied. Actually, the physical size) of the 
field was maintained at 8 x 8 inches. It is not apparent 

sn this fact can. be used to — the trends of Giese!s 
ate. . | 
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'Beotion’ 162 a Now Uhl. (OSRD Report Nos 6105. 
October 19, 1945. Ib pp. Ro ° isi ies yreeched 


An instrument is described which evaluates the curvature of 
the wave front of light emerging from the exit pupil of optical 
instruments. Specific procedures are described for inepeat= 
ing optical instruments for the following: | 


seommnltaets. 
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Diopter setting of the reticle 

Parallax 

Accuracy of diopter scale of the eyepiece 
Astigmatism 

Curvature of the ocular and object fields 
Spherical power 

Spherical aberration 

Chromatic aberration 

Resolution 


ih6. Photoelectric and Photogra hic Procedures for the a Oe 
aren of aS pnaceunent peste. 
eman, Howar « an Clark 


Section 16.1 Report No. 143. OSRD Report No. 6107. 
October 16, 1945. 12 pp. R. 


Instruments and procedures are discussed for evaluating the 
extent to which the rays emerging from the eyepiece of a 
telescopic system depart from parallelism. The most pertinent 
index was taken to be the energy distribution of a line source. 


17. The NDRC Optical Inspection Project at the Pennsylvania 
ate College for the Feriod of October 1944 to November 
DU | 
;oleman, Howard S. and Madeline F. Coleman. R. 


Under Project oD=-138, the Frankford Arsenal requested in 
August, 1943, that NDRC make a survey of present methods of 
optical inspection, both in Government shops and in contractors’ 
shops, prepare a report describing and assessing these methods, 
recommend improved methods, and develop special equipment for 
use with new methods. The studies and developments on this 
project have been conducted at the Pennsylvania State College, 
under Contract OEMsr-1197. 


An extensive survey has been made of present methods for 
inspecting individual elements, subassemblies, and compiste 
instruments. This survey is described in OSRD Report No. 6103, 
and is the basis for the work that has been done on new methods. 
Up to the present time, optical inspection has depended to a 
large extent on the subjective reactions of an inspector. It 
is desirable that impersonal methods be substituted wherever 
possible. 


One of the most important developments under this project 
relates to the K.D.C. (Kinetic Definition Chart) Apparatus 
which gives an almost impersonal measure of the angular reso- 
lution of a telescope system. Further work will be necessary 
in order to establish the full significance of the various 
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optical and physiological factors involved in this test, but 
it does undoubtedly provide an accurate means for greding 
instruments on the basis of resolution. This development is 
described in OSRD Report No. 610). The K.D.C. inetrument wae 
used extensively to control production of tank telescopes 
during the last year of the war. 


An improved design for a Twyman-Green-Mi chelson-Interferometer 
has been developed and two models have been built. Studies 

have been made to determine the feasibility of inspecting sube 
assemblies and individual elements by observing interferometer 
fringes (OSRD Report No. 6106). The method appeare promising. 


In order to establish the physical performance of telescope 
systems on a strictly impersonal basis, measures have been 
made of the light distribution, in image space, of rays | 
originating in a line source. These measures have been made 
oy using & modification of the photographic wedge method 
developed at Eastman Kodak and also by using a traveling slit 
and recording photoelectric amplifier. This work is described 
in OSRD Report No, 6107. Either method gives data which are 
of fundamental importance not only in evaluating various 
methods of inspection, but also in establishing the charace- 
teristics of new designs. It is recommended that measures 

of light distribution in the images sf line sources be made 
for a number of representative fire controi instruments, on 
and off axis, amd at various focal settings’, to provide a 
basis for comparing methods of inapection, 


The usefulness of the avoptometer in inspecting ‘telescope 
systems has been investigated and is discussed in OSRD Report 
No. 6105. (See Abstract 15) 


Methods for measuring the amount of scattered light in fire 
control instruments have been studied. Some measures of the 
loss of contrast produced by various systems have been made. 
This work is described in OSRD Report No. 6108.- The report 
indicates that one tank telescope with coated optics gave 
lower resolution (at high levels ‘of illumizetion), than a. 
similar telescope, with uncoated ‘optics. © This result, which 
is most unexpected, isha sed: ‘on Limited a8 ween one: and should 
be fully investigated. 


The following ia & complete: List: tte all OSRD we paribe which 


have been published by the Pennsylvania State College under 
Contract OEMsr-1197: 
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Title 


The NDRC Optical Inspection Project at 
the Pennsylvania State College for the 
Period of October 19h43 to November 1915 


Report on Optical Inspection 


The Description of the Kinetic Definition 
Chart (K.D.C.) Apparatus and its Uses 


The Dioptometer and its Use in the In- 
spection of Optical Instruments 


The Penn State I-1 Michelson-Twyman 
interferometer and its Use in Determine 
ing Conformance with Design and in 
Quality Control of Lenses, Prisms, and 
Telescopic Systems 


Photoelectric and Photographic Procedures 
for the Evaluation of Optical Instrument 
Design 


Notes on the Scattering of Light in Optical 
Fire Control Instruments 


rations Research Group Conference, 


148 e Minutes of 8 
cemoer 
pera tions ’ 


1l pp. Ceo 


valuation Group, CNO, March 20, 196. 


A report is given of a conference at whi ch Dr. Eo Se Lemar 
discussed “visual capabilities in naval operations". ‘The 
principal physical end physiclogical factors controlling the 
functioning of the human eye in naval operations were dis- 
cussed, Attention was given to problems of camouflage con~ 
cealment and the converse problems of visual detection. 
Mathematicel techniques were described by which the probae- 
bility of visual detection can be computed as a function of 
the number, speed, and orientation of observation vessels. 
Predictions, based on theory and a few laboratory studios 
by Craik,’ were shown to be in general OF cenen . with opera- 


tional date. 


119. Studies in Aided Tracki 
Report to the Services fe, 102, Division 7, ORC. 


epor 
October 1945, 


lL. ppe Re 


ea 


176. = 


The program set up by Division 7 to investigate the funda- 
nental aspects of tracking is described. A complete list of 
reports of the contractor, the Foxboro Company, is appended. 
The conclusions stated in the most recent Foxboro report (see 
Abstract 150) are stated and discussed. 


-150. Studies in Aided Tracki 
Memorandum No, 25 to Division 7e The Foxboro Company. 
August 31, 19145, 43 pp. R. 


"This memorandum covers laboratory studies of the character- 
istics of conventional constant-ratio aided tracking with 
handwheel or handlebar control... Special laboratory equipment 
was constructed to provide the equivalent of first-class 
aided tracking apparatus operated.under favorable conditions 
of visibility, stability and.comfort.. Synthetic tracking 
problems were provided to.avoid. the limitations of transient 
service conditions. 


"These studies indicated that an aiding time constant of about 
one-third second was optimum for ‘handwheel or handlebar track= 
ing under a wide range of conditions, excluding slewing for 
which the larger value of about one second was optimum. Tracke 
ing error was approximately doubled by removal of the direct 
gsomponent, vig., conversion of the apperatus to velocity track= 
img and zero aiding time constant; but changes in aiding time 
constant up to the order of 4 to 1 had comparatively little 
effect. Considerable variation in gear ratio also oounld be 
Golerated, the optimum ratio’ providing a velocity sensitivity 
of about one mil per degree. The apparent sensitivity, which 
relates what the operator actually sees to what he does, is 
generally a much more significant factor ‘than the mechanical 
sensitivity of the apparetus; though en exception is provided 
by the case of high sensitivity handlebar turret epee ee where 
high accelerations are ee oe encountered. 


"Magnification of, the acne target motion by 4 telescope 
was found generally to be beneficial, though the improvement 
appeared to depend on the balance of. visual, and manipulative 
difficulty in, the, tracking problem... In. one. handwheel test, 

a fourefold increase in magnification, increased the ‘accuracy 
about 250 per cent, while in a handlebar test, a three-fold 
caorenee in magni fl eat ion increased the accuracy about 15 per 
SOND o 


"The importance of the effect of sthey conditions of perform=- 
ance may be contrasted with the observed error ratio of about 
« between velocity and aided tracking. For instance, the 
poorest of eight highly practiced an aa made an error 8 
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times that of the best operator. Such a result indicates the 
need of operator selection and training to obtain highest 
accuracy. Another important type of condition is apparatus 
quality, because such an imperfection as backiash can raise 
the tracking error substantially. For instance, 5 degrees 
backlash at the handwheel raised the error over 50 per cent 
when the aiding time constant was one-third second. 


"It is interesting to note that the characteristics of the M2 
tracker, used in connection with the well-known M9 and M10 
@lectronic directors, are within the optimum range revealed 
by this study. The aiding time constant of the M2 tracker 

48 0. second, while the apparent direct sensitivity is 0.22 
mil per degree, for a telescope magnification of 8. 


"For handlebar tracking, a velocity sensitivity substantially 
above the optimum normally must be used to obtain the required 
sight velocity to track close-range targets with the permissible 
movement of the hendiebar control. Variable velocity sensi- 
tivity is commonly used to provide more nearly optimum condi- 
tions for low velocity long range targets. Such variable 
sensitivity appears to be disturbing to operators, and since 
tracking error is not too greatly increased by velocity sensi- 
tivities several times the optimum, the belief is that for 
best tracking results the sensitivity variation in the track- 
ing range should be kept moderate (of theorder of two to one) 
and that a separate slewing range of very high sensitivity 

can be provided. This conclusion is tentative and it appears 
. that handlebar tracking problems should be individually con- 
sidered in their entirety, due to the complex compromises 
required. 


"Ths appendices of this memorandum include tables of experi- 
mental results, descriptions of tracking apparatus, definitiona: 
of technical terms, and a variety of discussions of theoreti- 
cal and practical problems." , 


151, The Sensitivity of the Human Eye to Infrared Reciation. 
ald, orge; uP nN, na $ an ubbard, 
Harverd University. 
Report submitted to the Engineer Board, Fort Belvoir, 


Project XRS\i1. July 14, 1945, 80 pp. Open. 


"The purpose of the investigation was to obtain, for the 
engineering of military devices, basic data regarding human 
Vision in thenear infrared. The choice of topics investigated 
has been governed entirely by military needs, but little or 

no attempt is made to accomplish the direct application of 

the information to the design of testing of military equipment. 
This step must be carried out by those directly engaged in the 
development of such devices, each device for itself. 
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"Besides bringing together background knowledge and literature 
references, the authors present results as follows: 


"Experimental tests, by the threshold method, of Goodeve's 
infrared luminosity function, applied here to foveal vision. 
Their results confirm the applicability of Goodeve's function 
to & degree which was hardly to be anticipated from the condi- 
tions and small number of subjects which he used. 


"Determination of the infrared luminosity function for the 
periphery of the eye, both for itself and in relation i the 
foveal function. 


"By comparison between the visual transmissions of infrared 
filters as determined first by the threshold method and then 
by brightness matching, it is established that concordant 
results as to luminosity and visual transmission are yielded 
by the two methods. (The brightness matching was done by. 
Dr. Richard Tousey, at the Naval Research Laboratory.) This 
agreement extends the similar agreement which has generally 
been reported in the ordinary visible spectrum. 


"Distribution of infrared sensitivity in the population. 


"Yariation of source visibility with engular size, for both 

the fovea and the periphery, and the application of associated 

ideas to the reduced-soale determination of visual ranges of 
infrared sources." 


